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INTRODUCTION

Abstract

Background and Objective: Artificial lighting is a critical environmental factor influencing
poultry behavior, welfare and productivity. This study aimed to evaluate the effects of key
artificial lighting parameters, including photoperiod, spectral composition and light intensity,
on activity patterns in Pekin ducks using accelerometer-based monitoring.

Materials and Methods: Three independent experiments were conducted to evaluate the
effects of different lighting parameters on duck activity. In each experiment, 32 ducks per
treatment were fitted with accelerometer dataloggers using body harnesses and activity was
recorded at 10 sec intervals over 48 consecutive hours. Experiment 1 compared two
photoperiods, 16L:8D and 20L:4D. Experiment 2 evaluated white LED lighting with and
without ultraviolet supplementation. Experiment 3 assessed four light intensity regimens, 20
lux, 20 gallilux, decreasing from 20 to 5 lux and decreasing from 20 to 5 gallilux. Data were
analyzed using generalized linear models, with statistical significance setat p<0.05 and mean
separation performed using Fisher’s least significant difference test.

Results: In Experiment 1, the 20L:4D photoperiod significantly increased activity during the
photophase compared with 16L:8D, while no significant differences were observed in total
or scotophase activity. In Experiments 2 and 3, no significant differences were detected in
average total, photophase, or scotophase activity among treatments, although temporal
variations were observed at specific time points.

Conclusion: Pekin duck activity is influenced by photoperiod duration, whereas ultraviolet
light supplementation and variations in light intensity, expressed in lux or gallilux, do not
significantly affect overall activity patterns under the conditions tested.

global consumer awareness and regulatory scrutiny regarding
poultry welfare continue to increase, there is a growing

The Pekin duck (Anas platyrhynchos domesticus) is the
predominant commercial meat duck breed worldwide, with
an estimated 200 million or more birds slaughtered annually
for meat production in the United States and the European
Union'. Despite the scale of this industry, the scientific
literature addressing the welfare of commercially raised Pekin
ducks remains limited compared with the extensive body of
research available for broiler chickens and laying hens'2. As

need for evidence-based management strategies specifically
tailored to Pekin duck production systems.

Artificial lighting represents a critical environmental factor
influencing poultry behavior, welfare and productivity?.
Poultry are highly sensitive to photoperiod duration, spectral
composition and light intensity, all of which can modulate
behavioral activity, physiological responses and production
performance*®. In commercial production systems, lighting
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decisions involve multiple parameters, including spectral
distribution, the presence or absence of ultraviolet (UV)
radiation, photoperiod regimen, light intensity, flicker
characteristics and the type of light source used'. These factors
may act independently or interactively to influence activity
patterns and overall welfare of the housed poultry.

Pekin ducks possess tetrachromatic vision, characterized
by four types of retinal cone photoreceptors, which
enable perception across a broad spectral range from
ultraviolet (approximately 324-360 nm) to red wavelengths
(approximately 694 nm)S7. Their visual system differs from that
of gallinaceous species such as chickens, particularly in the
relatively greater proportion of short-wavelength-sensitive
(blue-sensitive) photoreceptors®. These differences are
associated with the evolutionary origin of Pekin ducks from
the wild mallard, a species adapted to dabbling and foraging
in aquatic environments. Consequently, findings derived
from chicken-based lighting research cannot be directly
extrapolated to ducks®1°.

Previous research has demonstrated that light spectrum
can affect stress and fear responses in Pekin ducks. Exposure
to blue and red monochromatic lighting has been associated
with increased stress susceptibility compared with white
and green lighting, as evidenced by elevated plasma
corticosterone concentrations and heterophil-to-lymphocyte
ratios®™. Similarly, ducks reared under white and red mixed-
spectrum LED lighting exhibited reduced stress indicators and
shorter tonic immobility durations compared with those
exposed to white and blue lighting''. Supplementation with
ultraviolet light has been shown to reduce both acute and
chronic stress responses without adversely affecting
production parameters such as body weight, feed conversion
ratio and gait score'. Photoperiod duration also plays a
significant role in welfare outcomes; ducks maintained under
a20L:4D photoperiod exhibited reduced stress, improved feed
efficiency and stronger humoralimmune responses relative to
those reared under the conventional 16L:8D regimen'. In
addition, recent findings in breeder Pekin ducks indicate that
photostimulation can decrease fearfulness while improving
growth performance and egg quality compared with
continuous lighting conditions™.

Table 1: Measures of activity were used in all three experiments

Activity has emerged as an important indicator of welfare
in commercial poultry systems, as it reflects the capacity of
birds to express natural behaviors and is closely associated
with leg health, feather condition and overall physical fitness™.
Observational studies of commercial duck flocks indicate that
ducks are typically more active during the morning and
evening periods, with rest periods in between'. Disruptions
to these natural activity rhythms may therefore serve as
indicators of compromised welfare. Advances in automated
monitoring technologies have enabled objective assessment
of activity patterns, facilitating the evaluation of relationships
between activity, stocking density and growth performancein
Pekin ducks'. However, although the effects of lighting
parameters on stress physiology and fear responses have
been extensively studied, relatively few investigations have
directly quantified their impact on activity using objective
measurement approaches' ',

Therefore, the aim of the present study was to evaluate
the effects of photoperiod duration, ultraviolet light
supplementation and variations in light intensity on the
activity patterns of 3-week-old Pekin ducks during the grow-
out period. It was hypothesized that extended photophase
duration, the inclusion of supplemental UV lightand increased
light intensity would enhance overall activity levels in Pekin
ducks.

MATERIALS AND METHODS

Experimental design: All experimental procedures were
approved by the Texas A&M University Institutional Animal
Care and Use Committee. In each experiment, 32 ducks per
treatment group were fitted with accelerometer data logger
pendants using a body harness. Activity data were recorded at
10 sec intervals over a continuous 48 hrs period, starting at
approximately 21 days of age.

Activity was quantified using four parameters: (1) Total
average activity across the 48 hrs observation period, (2)
Photophase activity measured at two photophase time points,
(3) Scotophase activity measured at two scotophase time
pointsand (4) Activity recorded at 30 min intervals throughout
the 48 hrs period (Table 1).

Total average activity

Total activity over 48 hrs observation period

Photophase activity
Scotophase activity
Activity per 30 min Interval

Activity over two photophase time points
Activity over two scotophase time points
Activity in 30 min intervals over 48 hrs observation period
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Experiment 1:

Photoperiod: In Experiment 1, ducks were assigned to
one of two photoperiod treatments: 16L:8D (16 hrs light
and 8 hrs dark) or 20L:4D (20 hrs light and 4 hrs dark).
The detailed experimental design has been described
previously by House et a/™. Current recommendations
suggest that Pekin ducks should receive 14 to 16 hrs of
light per day and the 16L:8D photoperiod is widely used
as the industry standard. Previous studies have reported
reduced stress and improved growth performance in
ducks reared under a 20L:4D photoperiod'. Activity data
were recorded and compared between the two treatment
groups?®.

Experiment 2

UV light supplementation: In Experiment 2, ducks were
assigned to one of two artificial lighting treatments: white
LED light only (CON) or white LED light supplemented
with ultraviolet (UV) LED light (UV). The detailed
experimental design has been described previously by
House et al.'2. Standard LED and fluorescent lighting
sources emit little to no ultraviolet radiation compared
with natural sunlight, which may limit an important
aspect of visual perception in ducks'. Previous studies
have shown that UV supplementation can reduce stress
and fear responses in Pekin ducks without affecting
production performance'?. Activity data were recorded
and compared between the control and UV-treated
groups.

Experiment 3

Light Intensity: In Experiment 3, ducks were assigned to
one of four light intensity treatments: constant 20 lux,
constant 20 gallilux, 20 lux reduced to 5 lux and 20
gallilux reduced to 5 gallilux. In commercial practice,
relatively low light intensities (approximately 5 Ix) are
commonly used during the grow-out period, while higher
intensities (approximately 20 Ix) are applied during the
early brooding phase before gradual dimming'2 Gallilux
was included as an additional measurement because it
accounts for the spectral sensitivity of poultry, whereas
standard lux is based on human vision and may not
accurately reflect how ducks perceive light intensity?".
Activity data were recorded and compared among the
four treatment groups.

Statistical analysis: All data were analyzed using general
linear models (GLMs). Statistical significance was set at p<0.05.

When significant effects were detected, means were
compared using Fisher’s least significant difference (LSD) post
hoc test.

RESULTS

«  Experiment 1

Photoperiod and activity: In Experiment 1, the 20L:4D
photoperiod significantly increased activity during the
photophase compared with the 16L:8D photoperiod
(p<0.05). Mean photophase activity scores were 0.851
and 0.821 for the 20L:4D and 16L:8D treatments,
respectively (Fig. 1). However, no significant differences
were detected in total average activity (16L:8D: 0.829;
20L:4D: 0.841, p>0.05) or scotophase activity (16L:8D:
0.836; 20L:4D: 0.830; p>0.05) between treatments.
Activity analysis at 30 min intervals over the 48 hrs period
showed similar overall patterns in both groups, although
the 20L:4D treatment consistently showed numerically
higher activity during photophase periods (Fig. 2).

« Experiment 2:

UV light supplementation and activity: In Experiment 2,
no significant differences were observed between the
control (CON) and UV-supplemented (UV) groups for total
average activity (CON: 0.845, UV: 0.858, p>0.05),
photophase activity (CON: 0.845, UV: 0.858, p>0.05), or
scotophase activity (CON: 0.843, UV: 0.861, p>0.05)
(Fig. 1). However, 30-minute interval analysis over 48
hours indicated variation at specific time points (Fig. 2).
The UV group generally showed higher numerical activity
at several intervals, although these differences were not
statistically significant when evaluated across overall
measures.

» Experiment 3:

light intensity and activity: In Experiment 3, no
significant differences were detected among the four
light intensity treatments for total average activity (20 Ix:
0.807,20 gallilux: 0.796, 20-5 Ix: 0.799, 20-5 gallilux: 0.793,
p>0.05), photophase activity (20 Ix: 0.808, 20 gallilux:
0.797, 20-5 Ix: 0.801, 20-5 gallilux: 0.796, p>0.05), or
scotophase activity (20 Ix:0.810, 20 gallilux: 0.795, 20-5 Ix:
0.795, 20-5 gallilux: 0.788, p>0.05) (Fig. 1). Similar to
Experiment 2, 30 min interval analysis revealed
differences at certain time points; however, no consistent
trend was observed across the different light intensity
treatments (Fig. 2).
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Experiment 1: Total activity
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Fig. 1(a-c): Average total, photophase and scotophase activity scores of Pekin ducks across three lighting experiments,
(a) Experiment 1:16L:8D vs. 20L:4D photoperiods, (b) Experiment 2: White LED control vs. UV-supplemented lighting
and (c) Experiment 3: Four light intensity treatments (20, 20, 20-5 and 20-5 gallilux)

DISCUSSION

The results of these three experiments indicate that
photoperiod length is the main lighting factor influencing
Pekin duck activity, whereas UV light supplementation and
light intensity show limited effects on overall activity
measures. In Experiment 1, the 20L:4D photoperiod increased
photophase activity compared with 16L:8D, which agrees with
the expectation that a longer light period provides more
opportunity for active behaviors. Earlier findings have shown
reduced stress and improved growth in ducks reared under
20L:4D" and an enhanced humoral immune response to
Newcastle Disease Virus vaccination has also been reported
underlonger photoperiods'®. The present results suggest that

20L:4D may improve welfare and performance by allowing
ducks more time to distribute feeding, drinking and activity
throughout the day, which may reduce competition and
associated stress.

The absence of differences in total activity between
photoperiod treatments is important. It indicates that
although light duration influences when activity occurs, the
overall level of activity may remain stable across lighting
conditions. Ducks under 16L:8D may compensate for shorter
daylight by maintaining relatively similar activity during the
scotophase. The circadian activity patterns (Figure 2) support
this explanation, as 20L:4D ducks showed more pronounced
activity peaks during the extended photophase, while 16L:8D
ducks displayed a more even distribution of activity. The
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Experiment 1: Photoperiod and activity
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Fig. 2(a-c): Total activity of Pekin ducks per 30 min interval over the 24 hrs observation period across three lighting experiments,
(a) Experiment 1:16L:8D vs. 20L:4D photoperiods, (b) Experiment 2: White LED control vs. UV-supplemented lighting

and (c) Experiment 3: Four light intensity treatments

dark period is also essential for poultry welfare, since
melatonin produced during darkness regulates circadian
rhythms involved in reproduction, growth, metabolism,
thermoregulation and immunity?224, Studies in broilers have
shown that birds provided with a daily dark period have
improved feed efficiency, lower mortality and more stable
behavioral rhythms compared with those exposed to near-
continuous light. The 20L:4D photoperiod therefore appears
to provide sufficient dark time for physiological regulation
while still supporting extended daytime activity.
InExperiment 2, UV supplementation did not significantly
influence overall activity, despite previous reports of reduced
stress and fear responses under UV lighting'2. This separation
between stress-related outcomes and general activity levels
is noteworthy. Poultry use UV light for visually guided
behaviors such as foraging, social signaling and
environmental perception?*?” and the absence of UV radiation
in conventional LED systems may limit visual perception in
ducks'2 The present findings suggest that the benefits of UV
light may act mainly through perceptual and physiological
pathways,improving environmental perception and reducing
visual stress, rather than altering total locomotor activity. The

RSPCA welfare standards for domestic ducks also highlight
that artificial lighting without UV may cause sensory
deprivation and suggest that natural daylight may improve
welfare by enhancing activity and environmental complexity?.
The time-specific differences observed in Experiment 2
indicate that further detailed behavioral studies are needed to
determine whether UV light affects the type or pattern of
activity rather than its overall amount.

Similarly, Experiment 3 showed no significant effects
of light intensity on total activity within the tested range
(5-20 Ix/gallilux). Previous studies suggest that higher
intensities may influence behavior and performance. For
example, Campbell et a/? reported that 25 Ix may stimulate
duckactivity and affect production outcomes under blue light,
while Hua et al.? found no effect of light color on production
at a low intensity of 5 Ix. These findings suggest that light
intensity may interact with spectral composition and that the
intensity range used in the present study may not have been
wide enough to produce measurable differences in overall
activity. Downing et a/* reported that light intensity affected
welfare outcomes in Pekin ducks when comparing 6 Ixand
45 Ix. European Union welfare guidelines for broilers also
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discourage very low light intensities, as dim lighting can
reduce activity and increase welfare problems such as skeletal
disorders and eye defects**'. However, species-specific
thresholds for Pekin ducks have not yet been clearly defined.
The use of gallilux alongside lux in this study is a
methodological improvement. Standard lux measurements
are based on human visual sensitivity and do not reflect the
tetrachromatic vision of poultry®?'. Pekin ducks can perceive
wavelengths from approximately 324 nmto 694 nm, including
ultraviolet light” and therefore their spectral sensitivity differs
substantially from the human-based lux system. Although no
significant differences were observed between luxand gallilux
treatments in overall activity, future studies should continue
to use poultry-specific lighting metrics to avoid masking
biological effects due to human-calibrated measurement
systems.

A broader finding across the literature is that Pekin ducks
respond differently to lighting conditions compared with
broiler chickens, despite both being important meat-
producing species. In broilers, blue-green light is often
associated with calmer behaviorand improved production3*3,
whereas several studies report increased stress and anxiety
in Pekin ducks under blue light>'". In contrast, studies in
Muscovy ducks have shown the opposite response, with blue
light reducing stress®. These species-specific differences
highlight the importance of tailoring lighting strategies to
each duck species rather than applying poultry lighting
recommendations universally®.

This study also has limitations. Activity was recorded over
a48-hour period at approximately 21 days of age and activity
patterns may differ at other growth stages. The accelerometer
system measured overall locomotor activity but did not
distinguish between specific behaviors such as walking,
feeding, preening, or resting. Future work should focus on
detailed behavioral classification, particularly at time points
where differences were observed, to better understand the
effects of UV light and light intensity. In addition, interactions
among the three lighting factors examined across separate
experiments were not assessed and should be considered in
future research.

CONCLUSION

Pekin duck activity is mainly influenced by photoperiod
duration, whereas supplementation with UV LED light and
differences in light intensity, measured in lux or gallilux, do
not significantly affect overall activity. A 20L:4D photoperiod
increased activity during the light phase compared with
16L:8D. Together with previous evidence showing reduced

stress and improved growth under 20L:4D, this suggests that
a longer photoperiod may support better welfare and
production performance. Although average activity did not
differunder UV or light intensity treatments, some differences
at specific time points were observed, indicating the need for
further behavioral studies. The lack of association between
reduced stress from UV supplementation and overall activity
levels suggests that lighting conditions may improve welfare
through sensory and physiological mechanisms without
changing general movement patterns. These results provide
useful evidence for developing lighting guidelines in
commercial Pekin duck production and highlight the
importance of species-specific research when designing
lighting systems.
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