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Abstract: The US egg industry is progressively adopting alternative housing systems for laying hens. Provision of nesting
places accommodates natural behaviors and may improve the welfare of the laying hen. However, some fundamental
questions remain about nesting behaviors of hens under different housing conditions, which would impact system design and
management.  For instance, how long does a hen use nest per day for egg laying or nest exploration? How many hens nest
simultaneously?
The primary objective of this work was to demonstrate that RFID technology can be used to continuously quantify dynamic
nesting behaviors of individual laying hens in a 60-hen enriched colony housing (ECH). Results show that hens spent on
average 63.7#1.4 min (mean=3SE) in the nest box and made 23.440.7 nest visits during a 16 h daily light period. Time spent in
and visits to the nest box during the 6 h laying period accounted for 56% and 45% of the light-period value, respectively.

In such schemes, information on hens’ behavioral and production responses of hens remains relatively sparse.

(1. Department of Agricultural and Environmental Engineering, Universidade Federal de Rondoncpolis, Mato Grosso 78735-901, Brazil;

Maximum nest occupancy was 29.0%0.4%.

were laid in the nest box.
given hen were observed.
behaviors of laying hens in alternative hen housing.

Three distinct phases of egg production in nest boxes were observed: initial
(1.5 h), peak (3.2 h, egg laying rate of 0.2440.01 eggs/min), and late (1.3 h).
Considerable variations in nesting behavior among individual hens and day-to-day variations for a
The RFID system will enable researchers to examine the impacts of resource allocations on nesting

The majority (95.1%=0.6%) of the daily eggs

Keywords: animal welfare, egg production, RFID, alternative hen housing, individual behaviors

DOI: 10.25165/j.ijabe.20191206.5129

Citation: Oliveira J L, Xin HW, Wang K L, Zhao Y. Evaluation of nesting behavior of individual laying hens in an enriched

colony housing by using RFID technology.

1 Introduction

The productivity of laying hens has improved considerably
over the past 60-70 years because of the advancement in dietary
nutrition, genetics, disease prevention, controlled production
environment, and husbandry equipment. At the same time,
welfare standards of hens continue to elevate, and some of the
criteria (e.g., allocation of enrichment, housing systems, and
management practices) are subject to debate™. Transitioning of
egg production systems from conventional cage to alternative
housing (e.g., enriched colony, aviary cage-free) is increasingly
occurring in various parts of the world, especially in Europe and
the United States, to meet animal welfare requirements or
legislation®®,

Considering that laying hens have strong nesting motivation as
a behavioral need"®, enriched colony housing (ECH) systems have
been developed to accommodate such behavior, thereby improving
animal welfare, by providing enclosures such as plastic curtains
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and turf mat surface in nest boxes®!. Nesting is one of the

important behaviors that has been retained during the hen’s
domestication®2%3, It consists of the exploration of nest places
followed by sitting (the period when the hen sits and actively
prepares for the egg laying), also known as pre-laying behavior,
and subsequent oviposition!™. In the absence of an appropriate
nest location, the hen may extend the pre-laying phase by exploring
other places, reducing the time for sitting™ or delaying the
oviposition®®.  Due to hormonal influences associated with
ovulation, oviposition usually occurs in a short period of the day,
and consequently, the pre-laying behavior of some hens kept in a
group housing will occur simultaneously™™™.  Literature has shown
that social factors have a great impact on the time spent in the
nest!*®!, that the laying hens have a preference on occupied nests™,
and that hens react to the aspect of the nest box, but are inconsistent
in their use of a particular one*?.  However, little is known
about the dynamics of nesting among hens in the same group, and
some questions remain to be addressed. For instance, how does
nesting time of the same hen change from one day to the next?
How long do hens use nest box each day? How many hens
simultaneously occupy the nest box? Answers to these questions
would help to understand nesting behavior of hens and their
interactions under certain physical conditions, which will be
conducive to housing system design to accommodate the biological
needs of hens while maximizing utilization of the resources.

The use of automatic measurement or monitoring systems in
livestock facilities has provided information to better understand
animal well-being. However, the traditional method (e.g., visual
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analysis) used to assess animal behaviors is dauntingly
time-consuming and labor-intensive for addressing behavioral
characteristics of individual animals. Radio  Frequency
Identification (RFID) system has been used to study animal
behaviors®?), It consists of a reader with a decoder to interpret
the acquired data, scanning antenna, and pre-programmed
transponders. RFID transponders can be active when a power
source is used, or passive when the transponder is powered by the
antenna. RFID systems were used to track laying hen behaviors
automatically®®), investigate laying hens’ behavior in a preference
chamber!?”), and evaluate the impacts of outdoor stocking density
on the welfare and behavior of free-range laying hensi?®.  Several
tracking systems were used to study individual laying hens
behaviors, and the strengths and weaknesses of each, as well as the
environment or conditions suitable for using them, were discussed).

Although some studies have been conducted to evaluate animal
behaviors with the aid of RFIDE*Y, information regarding nesting
behaviors of laying hens in ECH is incipient. Such information
can build the baseline of such behavior in commercial ECH and
implies future advances in management practices and the design
and allocation of enrichments.

In the first part of a larger experiment that we conducted to
assess feeding and nesting behavior of individual laying hens in
ECH, one Ultra High Frequency (UHF) RFID system was
developed, validated™® and used to evaluate the impact of feeder
space on feeding behavior™!.  The primary objective of the work
reported in this paper was to demonstrate that RFID technology can
be used to continuously quantify dynamic nesting behaviors of
individual laying hens in a group-housing condition. The
usefulness of the system was then illustrated by characterizing
nesting behavior of Hy-Line W-36 laying hens in an ECH,
including: daily time spent in the nest box (TS, min/hen-d), daily
frequency of visits to the nest box (FV, visits/hen-d), number of
visits per egg laid in the nest box (VE, visits/egg), simultaneous
occupancy of the nest box (SO, %), oviposition time (OT, hh:mm),
and oviposition place (OP, % eggs laid in the nest, middle or
scratch areas), and nesting association (percentage of nesting time
that the hens spend with one another). Variations in nesting
behaviors among the individual hens and day-to-day variations for
a given hen were also elucidated.

2 Materials and methods

The lowa State University Institutional Animal Care and Use
Committee-lACUC had approved the experimental protocol (Log #
6-15-8038-G).

2.1 Animals and housing

Sixty Hy-Line W-36 (white) laying hens at 21 weeks of age
(WOA) were obtained from a commercial farm with enriched
colony housing in central lowa. The pullets (young hens before
lay) had been reared in standard rearing cages with the following
conditions: 0.61 m long > 0.76 m wide each, 18 birds/cage
(258 cm?bird), two nipple drinkers, feed through with available
space of 3.4 cm/bird, and galvanized wire-mesh floor. At 17
WOA, the pullets were transferred to the commercial enriched
colony hen houses equipped with enriched colony system (AVECH
I, Big Dutchman, Vechta, Germany), where they were housed in
60-hird colonies with a stocking density of 750 cm? floor area/bird.

The top tier of a double-tier ECH module, measuring 3.73 m
long < 1.91 m wide x 1.91 m high (Big Dutchman, Vechta,
Germany) was used in this experiment (Figure 1). The ECH
module, located in a research laboratory at lowa State University,
featured a space allocation of 976 cm?hen of floor area which
included the nest box (85.4 cm*hen), scratch area (85.4 cm?hen),
perches (15.7 cm/hen), nipple drinkers (10 hens/drinker), feeder
space (12.3 cm/hen), tier height of 56 cm, manure belt underneath,
along with room heating and humidification to maintain the
comfortable temperature and humidity. The nest boxes had
orange-colored flexible curtains and artificial turf mat. Feeder
troughs were located on both sides of the ECH. Manure was
collected on a plastic tarp placed underneath the colony tier and
removed once or twice a week. No litter, feed or other substrate
was added to scratch pad area.

The hens were fed twice daily at 09:00 and 17:00 (ad libitum)
with the same feed as used on the commercial farm where the hens
were sampled. A photoperiod of 16 h light and 8 h dark (16L:8D)
as practiced on the farm was used, with lights on at 05:00 and
lights off at 21:00. The range of the light intensity was 13-120 Ix
across the top tier colony, with the lower intensity (13 lux) near the
nest box area and the higher intensity near the scratch pad area
(120 Ix).
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Figure 1 Top-view (left) and side-view (right) schematic drawings of the enriched colony module used in the experiment

Eggs laid during the experiment period were manually
gathered daily at 17:00 from the egg belts and nest eggs collectors
that were made of wooden troughs (0.65 m long % 0.30 m wide <
0.20 m high) situated where the egg belt normally was, covering
the nest width (Figure 1). Location of eggs was recorded as nest,

middle or scratch area. Eggs possibly laid in the space between
the nest curtain and the feeder were registered as nest eggs.
Similarly, eggs possibly laid in the space between the scratch pad
and the feeder were registered as scratch-pad eggs. Eggs were
never observed to roll from one section to another. Upon transfer
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from the commercial farm to the ECH module in the research lab,
the hens were given 7-day acclimation. Another 2-day
acclimation was given after attachment of the RFID tags to the
hen’s leg. The data collection lasted 14 d, with the first two days
still considered part of the acclimation period. During the
acclimation period, feed and water use and egg production were
monitored to ensure that the hens were feeding, drinking and
producing normally.

2.2 Instrumentation

The top tier colony was instrumented to monitor real-time feed
and water use, record egg production (timing and number), and
track the individual hens. Calibrated load-cell scales (Rice Lake
RL1040, Rice Lake, WI) were used to weigh the nest eggs
collectors (one load cell per collector) continuously (every second)
with a maximum measurement error <0.1% of the total weight
measured. This information was used to determine the timing
when the nest eggs were deposited in the egg collector. Details on
the calibration of the load cells were previously described®?.

Two cameras (IP Pro 3 Megapixel Bullet, DSS-BFR3MP,
Backstreet Surveillance, Salt Lake City, UT) were installed on the
ceiling above the ECH module and used to record the hen
behaviors at two frames per second (fps). Video files were stored
in 8 terabyte storage (two hard drives) of one NVR system
(DSS-NVR5816, Backstreet Surveillance, Salt Lake City, UT).

Air temperature, relative humidity (RH) and carbon dioxide
(CO,) concentration of the hen room were measured and recorded.
All sensors were connected to a compact FieldPoint Module, and
data recorded using a LabVIEW program (National Instruments
Co., Austin, TX, USA). The research lab used an automatically
controlled ventilation system that consisted of an environment
controller (Varifan ECS-3C, Quebec, Canada), two variable speed
exhaust fans (Multifan, Vostermans Ventilation, Bloomington, IL,
USA), and a supplemental heating and cooling system. The room
temperature was maintained at 23<C+1<C (mean =+ SE) throughout
the experiment.

2.3 RFID system

Nesting behavior was evaluated using one UHF RFID system
that consisted of four antennas (Square A1030, 30 cm>30 cmx
0.65 cm thick, TransTech Systems) located on both sides of the
nest box, one 4-channel reader (ThingMagic Mercury M6, 865-
928 MHz operating frequency, TransTech Systems), 60 individual
passive tags (902-928 MHz, PT-103, tie-wrap tag passive Gen 2
UHF, TransTech Systems), and a data acquisition (DAQ) system.
The readers were connected to a host computer that processed the
tag data through an RJ45 (Registered Jack, 10/100 Base-T
Ethernet). The tag protocol was EPCglobal Gen 2 (1SO 18000-6C)
with Digital Rights Management (DRM). The data acquisition
program was written in C# (C Sharp) based on Application
Programming Interface (API), and the data were stored as text files.

One tag was loosely attached to each hen’s leg with a zip tie.
A hen was registered as nesting when the tagged leg was inside the
nest box. The RFID system continuously registered hens inside
the nest box, but not if the tagged leg was outside the nest mat
while the rest of the body was inside the nest box, which
corresponded to broken data. Intermittent brief breaks up to 30 s
were considered as part of a nesting event, verified by video as well
as previously validated®®2.

2.4 Measurements and data processing

Load cells were used to determine group-level production of
nest eggs and determine the OT. The data were collected every
second via a program developed in LabVIEW and then processed

using EXCEL VBA programs. From the 12 days of load cells
data collection, days 5 and 11 presented system disconnections
with the generation of corrupted files and therefore the data from
these two days were discarded. The OT was calculated by
averaging the time that the first eggs (start time) and last eggs (end
time) were registered in the nest eggs collectors. The OP was
determined by calculating the average of the daily percentage of
eggs laid in the three areas described as nest, middle, and scratch
areas.

Data collected with the RFID system consisted of the time
(hh:mm:ss:ms) when a specific hen (tag #) was detected nesting.
The number of hens detected by the RFID system was compared to
and validated by that determined by the video system, i.e., human
visual labeling®™. The overall accuracy of the RFID system
relative to the video observation was (mean =+ SD) 91.4%=+1.7%
(n = 78). Data analysis and processing were done using R and
EXCEL VBA programs to describe the response variables TS, FV,
and SO. Data analysis was performed considering two different
periods of daily time: 1) Light period (05:00-21:00), and 2) Laying
period including the pre-laying phase of nest exploring
(05:00-11:00). The laying period was defined after a preliminary
evaluation of the nest occupancy and egg laying rate data. VE
was calculated as the ratio of the number of nest visits to eggs laid
in the nest box.

Presence of individual hens in the nest box was used to
delineate nest box usage of the hens and their nesting association
(i.e., percentage of total nesting time when they nested with other
hen or hens). The day-to-day consistency in nesting pattern, as
measured by the longest duration of stay in the nest box, was
assessed for each hen. This longest stay duration was termed
‘main nest visit’. Visits other than the main nest visit were
considered random visits, and FV of the hen was compared with
the average FV for the laying period to classify as intense (FV of
the hen > Average FV), or moderate (FV of the hen < Average FV).
Similarly, the average TS for the laying period was used to classify
the usage of the nest box as intense (TS of the hen > Average TS)
or moderate (TS of the hen < Average FV). The day-to-day
variation of the main nest daily visit of individual hens with
identified nesting patterns was further classified according to the
timing of nest visit.

After evaluation of all individual nest box usage data, nesting
patterns were categorized into 5 groups according to the following
criteria: 1) clear presence of nesting pattern (when the main nest
visit is consistently observed during the laying period on most of
the experiment days) with few or no random visits (FV <
10.4 visits/d); 2) clear presence of nesting pattern, with moderate
use of the nest box (TS < 35.9 min/d ) and several random visits
(FV > 10.4 visits/d); 3) clear presence of nesting pattern, with
intense usage of the nest box (TS > 35.9 min/d) during the laying
period, with several random visits (FV > 10.4 visits/d); 4) no clear
nesting pattern, despite intense usage of the nest box (TS >
35.9 min/d) and; and 5) no clear nesting pattern, with moderate
usage of the nest box (TS < 35.9 min/d).

Association was considered when two or more birds used the
nest box simultaneously during the laying period. A matrix was
constructed for the amount of time that each bird was associated
with others for each day evaluated. The matrices were symmetric
along the diagonal (if bird A nested with bird B, then bird B must
have nested with bird A). The diagonal represented the total time
that the bird spent in the nest box, and it was used to create the
matrix of percentage time spent with each other (the amount of
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time that bird A spent with bird B divided by the total time that
bird A spend in the nest box during the observation day). These
matrices were not symmetric about the diagonal (Although bird A
and B spent the same time together in the nest box, they
individually spent different time in the nest box during the
observation day, and consequently their percentage time spent
together was different). The association matrix accounted for the
number of birds that spent at least X% of their time together inside
the nest box in the laying period during Y days, with X ranging
from 0 to 100%, and Y ranging from 1 to 12 d.
2.5 Statistical analysis

Data were tested for homoscedasticity and normality. The
data for TS and FV were square root transformed and analyzed as
repeated measures using JMP 13.2.1 (SAS Campus Drive, Cary,
NC), following the mixed linear model:

Yi=utbitycte @)
where, yj is the response (TS or FV) value on day k for bird j; 4 is
the overall mean effect; b; is the random effect of bird j; y is the
fixed effect of the experimental day k; and ej is the random error
associated with bird j on day k. Common assumptions were made
on the random effects and errors in the repeated-measures model:

llmlnml.nl |||\|l||.IMI‘ | Hmhﬂh‘nllh

the by's have mean of 0 and variance of a,’, are independent of each
other, and of the ey's; the ej's have mean of 0 and ey's with
different j values being independent of each other.

Results of TS and FV were obtained from the analysis of
variance by fitting the mixed linear model (1) with the
autoregressive correlation structure. The hypothesis tested was
that there was no time effect on the response variables. Data of
SO, OT, OP, VE, individual nesting pattern and nesting association
were pooled over the experiment period, and descriptive statistics
were provided. p-value of 0.05 or lower was considered
significant. Results are presented as a least-squares mean =+
standard error (mean £SE), unless otherwise specified.

3 Results

3.1 Daily time spent in the nest box (TS)

There was no evidence of time (day) effect on TS for the light
period (Fy 3709 = 0.85, p = 0.32) or laying period (Fy 1795 =2.29, p =
0.13). Therefore, data from all days were pooled to analyze
variability in TS among the individual hens. The daily time spent
in the nest box by each hen was determined, and individual
variation in TS is shown in Figure 2.
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Figure 2 Variation in daily time spent in the nest box (mean =SE, min/hen-d) by individual laying hens in an enriched colony housing

TS was 63.7#1.4 and 35.9240.9 min/hen-d during the light and
laying period, respectively. As depicted in Figure 2, there were
considerable inter-hen variations in daily time spent in the nest box.
Expressing the variability in terms of coefficient of variation (CV),
the values were 56.4% and 61.7% for the light and laying period,
respectively. It was possible to identify the hens that used the nest
boxes habitually during the laying period (05:00 to 11:00) and
those that kept visiting the nest boxes even after the laying period.

In this experiment, most of the hens spent extra time in the nest
box after the laying period. Specifically, 26.7% of them used the
nest box predominantly during the laying period, with no
significant difference in TS between the laying and light periods
(Hens # 2,5, 8, 9, 10, 12, 18, 21, 28, 29, 30, 32, 36, 37, 54, and 55),
whereas 73.3% of the hens used the nest box during the laying
period and kept using the nest box after the laying period.

3.2 Daily frequency of visits to nest box (FV)

All exploring and laying visits to the nest box by the hens were
registered, from which FV could be quantified for each of the
60 hens. The daily FV of individual hens is presented in Figure 3.

There was no statistical evidence that FV was influenced by
time (day) for the light period (F;3717= 0.02, p = 0.87) or the
laying period (Fy 1835 = 0.13, p = 0.59). Therefore, data from all
days of monitoring were pooled to analyze variability in the FV
among the individual birds. FV was 23.440.7 and 10.430.3 visits
per hen per day for the light and laying period, respectively. CV
among the hens in FV was 67.0% and 70.2% for the light and
laying period, respectively, showing considerable variability among
the individual hens in the ECH.

Quantification of the hen-specific number of visits per egg laid
in the group nest boxes was not possible with the current setup of
the housing and instrumentation systems. The average VE were
25.740.8 and 11.440.4 visits per egg laid in the nest box, for the
light and laying periods respectively. In general, use of the nest
box was more intensive in the morning (05:00 to 11:00) or laying
period and mild in the rest of the day. Simultaneous occupancy of
the nest boxes and the evolution hour-by-hour of the time spent in
the nest box (min/hr-hen) and the frequency of visits to nest box (#
visits/hr-hen) are depicted in Figure 4.
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Figure 3 Variation in daily frequency of visits to nest box (mean £SE, visits/hen-d) by individual laying hens in an enriched colony housing

occupancy. They showed a parabolic pattern during the laying
period, where hourly TS and FV increased until 08:00 and then
decrease until the end of the laying period at 11:00.

3.3 Maximum simultaneous occupancy (SO) in the nest box,
oviposition time (OT) and place (OP)

SO changed with time throughout the day. The maximum
occupancy, 29.0%40.4%, occurred between 07:00 and 09:00,
within 4 h after the light came on at 05:00. After this peak time,
FV decreased and maintained at low levels until lights off at 21:00
(Figure 5).

During OT, three distinct phases of egg production in the nest
boxes were observed: 1) Initial phase (no egg laying despite nest
visit) featuring start of nest exploration and increase in nest
occupancy, which lasted from 05:00 to 06:30 when the first egg
was laid in the nest box (blue rectangle in Figure 5); 2) Peak phase
featuring peak egg laying and nest occupancy which lasted from
06:30 to 09:40 when egg laying started decreasing. In this phase,
egg-laying followed a linear trend with a rate of 0.2440.01 nest
eggs/min (green rectangle in Figure 5); 3) Late phase featuring
reduced rate of laying (non-linear trend) and nest occupancy from
09:40 to 11:00 (yellow rectangle in Figure 5).
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an enriched colony housing module
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The OP was characterized by the nest, middle or scratch eggs.
Most of the nest eggs (82.9%) were laid in the nest box between
06:30 and 09:40, which partially coincided with the period of
maximum nest box occupancy (07:00 to 09:00). As expected, the
majority (95.1%=0.6%) of the daily eggs were laid in the nest box,
while 3.8%=0.9% eggs were laid in the scratch area, and only a few
(1.1 +0.6%) were laid in the middle area.

3.4 Patterns in nest box usage and association during nesting

The usage of nest box during laying period differed among the
hens. After evaluation of all individual nest box usage data, 5
groups of nesting patterns were established: 1) 15% presented clear

nesting pattern with few or no random visits (FV < 10.4 visits/d); 2)
45% presented clear nesting pattern, with moderate nest usage (TS
< 35.9 min/d) and several random visits (FV > 10.4 visits/d); 3)
8.3% of the hens presented clear nesting pattern and used the nest
box intensively (TS > 35.9 min/d) during the laying period, with
several random visits (FV > 10.4 visits/d); 4) 21.7% of the hens
presented no clear nesting pattern and had intense use of the nest
box (TS > 35.9 min/d); and 5) 10% of the hens presented no clear
nesting pattern and had a moderate presence in the nest box (TS <
35.9 min/d) (Figure 6).
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use of nest box and several random nest visits (blue shade), 4) There is no clear
clear nesting pattern, with moderate or low use of nest box (purple shade).

Figure 6 Samples of the presence of individual hens in the nest box

nesting pattern, with intense use of nest box (red shade), and 5) There is no

during the laying period (05:00-11:00) over 12 consecutive days
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The day-to-day variation in nesting behavior of the laying hens
was examined by evaluating the dynamics of the main nest visit for
the same hen over the experiment period. Clear nesting pattern
was observed in 68.3% of the hens. Specifically, from the 68.3%
hens, 29% visited the nest box daily at the same time (see hen #28
in Figure 6), 27% visited the nest box earlier every day (see hen
#49 in Figure 6), 20% visited the nest box later every day (see hen
#37 in Figure 6), and 24% presented a mix of earlier and later visits
to the nest box (see hen #50 in Figure 6).

During the laying period (05:00-11:00), a higher degree of
nesting association among the hens occurred more often when the
time of nesting together was low, and vice versa. Specifically,
29 hens spent at least 10% of their time together in 9 out of 12 days,
8 hens spent at least 40% of their time together in 5 out of 12 days,
and 4 hens spent at least 80% of their time together in one day only
(Figure 7).

0-5 W5-10 W10-15

15-20 W 20-25 M 25-30

# of hens in association

Note: The association refers to the number of hens (Z axis) that spent their
nesting time together (Y-axis) for the number of days (X-axis) over the 12-day
experiment period.

Figure 7 Association of laying hens in the nest box during the

laying period (05:00 to 11:00)
4 Discussion

The RFID system was only mounted in the top tier of the ECH
module due to restricted resources and to allow video recording for
system performance verification.  Consequently, during the
experiment period, the group-based variables (OT, OP, VE and SO)
were replicated only repeated measures. In addition, the amount
of hens involved was quite low and the duration of the experiment
period was relatively brief. It should be observed that the research
did not address measurements such as aggression or frustration that
could occur when nests are crowded. The findings should
therefore be treated as descriptive; further validation involving
replications and more hens is prudent before solid conclusions may
be reached.

Use of the RFID technology provided unique individual
information that helped to understand the dynamics of nest box
usage and nest egg laying and to identify hens that potentially
overused the nest boxes than others. This study, however, could
not discern the cause for certain hens to spend more time in the nest.
Nevertheless, it may be postulated that social hierarchy played a
role in that dominant hens intimidated the subordinate ones,
making them delay their oviposition time or just lay eggs in a
different place® .  Alternatively, the subordinate hens could

have used the nest boxes not only for laying eggs but as a refuge
shelter from the dominant ones®®®. The current study, however,
did not quantify the social hierarchy of the hens.

TS during the 6 h laying period (35.920.9, min/hen-d) was
approximately 56% of the TS during the 16 h light period
(63.7+1.4, min/hen-d).  This result paralleled the findings reported
previously about the influence of nest-floor slope on nest choices,
where it was found that birds could spend 10-90 min in the nest
when laying an eggP”. Other studies have reported that hens
occupied nest box for approximately 40 min/d™®, 29 min prior to
egg laying with extended 6.5 min before leaving the nest box 3,
The use of nest box after laying period is not recommended as the
nest mat would be highly prone to excreta deposition that could, in
turn, lead to dirty eggs!“”.

The hens were observed to have different individual nesting
patterns, and only 26.7% of them used the nest box predominantly
during the laying period. The overall VE during the light period
(25.740.8, visits/egg) was approximate twice the value for the
laying period (11.449.4, visits/egg). A high number of nest visit
per egg (40.3+11.4) has been observed when testing preferences of
nest options in groups of 20 hens™*Y.  Besides, in an experiment to
investigate the effect of nest size on the nesting behavior it was
found that the number of visits per egg laid was 34.943.74.  The
revisit can be explained as the exploratory behavior of the hens!*?!,
or an indication that the enrichments inside the colony were not
enough to keep them attracted. It reinforces that the nest box area
has attractiveness beyond the purpose of laying the egg; however,
this practice should be discouraged to avoid manure deposition on
the nest mat.

The number of hens nesting simultaneously as a function of
time during the day showed similar behavior through the
experiment period. The visits started right after the lights came on
at 05:00 and increased to a peak of 29.040.4% occupancy (from
07:00 to 09:00). After the peak, the nesting synchronization
decreased and maintained a minimum level until the lights went off
(21:00). Laying hens have been shown to use nest boxes mostly
in the morning, followed by the midday and evening™!. Our
results also agreed with previous findings that when evaluating the
influence of nest site on the behavior of laying hens the main laying
period for hens in commercial aviary systems was between 1 to 4 h
after lights were turned onl®!. The concentration of hens in the
nest box during the peak time may be explained by the
phenomenon of gregarious nesting, also known as the preference
for occupied nests!*®#®!, attributing this behavior to the sense of
protection2.

This experiment found that 83% of the nest eggs were laid
proportionally in time within the period between 1 h and 30 min
and 4 h and 40 min after lights-on (05:00), with an average laying
rate of 0.2440.01 eggs/min in the nest box. This pattern coincided
mostly with the peak of simultaneous nest box occupancy period
(from 07:00 to 09:00). Previous research has shown a nonlinear
pattern of egg laying with a peak of eggs laid around 3.5 h*" or
3.5-4.5 h“® after lights-on. In an investigation of the nest use and
patterns of egg laying of 4 different strains of laying hens in aviary
system, it was found that all strains presented a peak of nest usage
at 08:00 (3 h after the lights came on)!*?. In that study, brown
hens (Hy-Line and Bovan) showed similar behavior with 85% of
the nest eggs laid from 06:00 to 10:00, while the white hens
(Hy-Line W36 and Dekalb White) laid about 55% of their daily
nest eggs during the same period.

The three distinct phases egg production in nest boxes indicate
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that the hens were exposed to a less competitive nest box during the
third phase, which suggests that oviposition delay could be
motivated by stress and its impact on hen’s physiology™®. It is
important to understand the motivations of oviposition delay,
especially considering that such delay may cause abnormal
eggshell formation®, impair reproduction by the cessation of egg
laying*”, and trigger floor eggs in aviary or free-range housing
systemst®.

It takes about 24 h after ovulation to complete the formation of
an egg, which is divided into the following: 4 h for addition of the
albumen layers to the yolk as it passes along the oviduct; 5 h for the
membranes formation in the tubular isthmus and absorption of
water and salts in the shell gland; and 15-16 h for the shell
calcification®*3.  However, for the hens with identified nesting
patterns, the day-to-day pattern of oviposition time varied
considerably, and hens were classified into four different groups: 1)
hens that visited the nest box every day at the same time, 2) each
day earlier, 3) each day later or 4) mixed periods (earlier and later).
While this experiment could not identify if a specific hen indeed
laid an egg when inside the nest box, this observation suggests that
the 24 h period between egg laying is not consistent among
individuals and need further investigation. A few hens did not
visit the nest box during laying period on some days. This
behavior could be related to physiology when considering that the
hens pause laying between clutches®™*4, social factors such as the
presence of dominant hens®®¥, lack interest in delaying oviposition
to a less competitive time®, or specific preference of the scratch
and perch areas over the nest box. The rearing environment
affects nest use, and individual laying hens might perceive nest
sites differently™,

Although various degrees of the association during nesting was
detected, it was not sufficient to conclude that the hens had social
preferences, or that their oviposition cycle was synchronized.
Social preferences of laying hens expressed by close active and
resting proximities were not found in a group of 15 hens over 8
weeks based on three 15-min scanning periods (one day per week
for active space use, and three days per week for roosting
association)!®®,

As expected, most of the eggs were laid in the nest box area
(95.1%40.6%), while 3.8%=0.9% of the eggs were laid in the
scratch area and even a lower proportion (1.1%=0.6%) of eggs
were laid in the middle open area. In furnished cages, similar
results were found where 91.7% of the total eggs were laid in the
nest box, 7.2% in the scratch area, and 1.1% in the perches area™’].
In a recent study with aviary systems, the OP was quite similar to
the findings in ECH, where 90.5%-94.9% of the eggs were laid in
the nest boxes, and 2.3%-4.4% of the eggs were laid on the litter®4.

5 Conclusions

This study demonstrates that the validated UHF-RFID system
can be successfully used to continuously and automatically monitor
the nesting behavior of individual hens kept in a group.
Application of the RFID system with an enriched colony housing
(ECH) revealed significant variability in nesting behavior among
individual laying hens. The degree of temporal variation in
nesting behavior also varies considerably among individual hens in
the ECH. The RFID system will enable researchers to examine
the impacts of resource allocations on nesting behaviors of laying
hens, which may in turn help guiding the design of alternative hen
housing systems.
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