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Validity of Micro-Data Loggers to
Determine Walking Activity of
Turkeys and Effects on Turkey Gait

Rachel Stevenson’, Hillary A. Dalton? and Marisa Erasmus ™

" Department of Animal Sciences, Purdue University, West Lafayette, IN, United States, ? School of Natural and Environmental
Sciences, Newcastle University, Newcastle Upon Tyne, United Kingdom

Accelerometers have the potential to provide objective, non-invasive methods for
detecting changes in animal behavior and health. Our objectives were to: (1) determine
the effects of micro-acceleration data loggers (accelerometers) and habituation to
accelerometers on turkey gait and health status, (2) determine age-related changes in
gait and health status, and (3) assess the validity and reliability of the accelerometers.
Thirty-six male commercial turkeys were randomly assigned to one of five groups:
accelerometer and habituation period (AH), accelerometer and no habituation period
(AN), VetRap bandage (no accelerometer) and habituation period (VH), bandage (no
accelerometer) and no habituation period (VN), and nothing on either leg (C). Health
status and body condition were assessed prior to video-recording birds as they walked
across a Tekscan® pressure pad at 8, 12, and 16 weeks to determine effects of
treatment on number of steps, cadence, gait time, gait distance, gait velocity, impulse,
gait cycle time, maximum force, peak vertical pressure, single support time, contact
time, step length, step time, step velocity, stride length, total double support time, and
duty factor. Accelerometer validity and reliability were determined by comparing the
number of steps detected by the accelerometer to the number of steps determined from
video recordings. Several age-related changes in turkey gait were found regardless of
habituation including a slower cadence at 16 weeks, shorter gait distance at 8 weeks,
and slower gait velocity at 16 weeks. When comparing bandaged vs. unbandaged
limbs, both treatment and age-treatment interactions were found depending on the
gait parameter. Accelerometer validity and reliability were affected by both age and
treatment. False discovery rate increased, while accuracy and specificity decreased with
age. Validity and reliability were lowest for non-habituated birds (AN and VN). Results
demonstrated that micro-data loggers do not adversely affect turkey health status, but
habituation to wearing accelerometers greatly affects accelerometer reliability and validity.
Accelerometer validity and turkey gait are also greatly affected by the age of the turkeys.
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INTRODUCTION

The use of wearable sensors is an emerging area of research
in the animal behavior and welfare field. The ability to take
objective, non-invasive measurements of the behavior of an
animal is advantageous compared to visual inspection, which
is most frequently used to evaluate animal behavior and health
status. However, on large farms where thousands of birds
are housed together, visual inspection can potentially lead to
oversight because it is difficult to detect problems in individual
animals among thousands. Moreover, visual inspection
can only identify an issue after welfare has already been
compromised (1, 2).

Wearable sensors have been applied to a variety of species
for automated monitoring of animal health and behavior in
research. Wearable sensors can record a variety of measures
such as internal body temperature, environmental temperature,
acceleration, heart rate, and step counts depending on the type
used and where on the body it is placed (3). In particular,
accelerometers can be a tool to define and record energy
expenditure (4, 5), posture (6), and locomotor levels (7, 8)
that can be early indicators of welfare concerns. Furthermore,
acceleration output from activity level sensors can be used
to distinguish between different behaviors performed by an
animal. For example, accelerometers attached to a collar can
accurately distinguish between grazing, ruminating, and resting
behaviors of sheep (9). Attached to the leg, accelerometers
show potential as an early indicator of lameness in laying
hens (10), sheep (11), dairy cattle (12, 13), and horses (14).
Behaviors associated with health status are also detectable using
accelerometers or bio-loggers in Pekin ducks to detect lethargy
caused by an immune challenge (15) and in laying hens as an
early detector of avian influenza by assessing decreasing activity
levels (16). Based on the aforementioned research, accelerometers
are useful tools for the automatic, non-invasive monitoring of
animal behavior, but limited research has been conducted to
evaluate the use of accelerometers to monitor the behavior
of turkeys. One study evaluated the validity and feasibility
of using HOBO Pendant® (HPD) loggers for detecting steps
of grower turkeys (9-11 weeks of age) and finisher turkeys
(14 weeks) (17). Their results indicated that HPD loggers are
capable of detecting step counts in turkeys. However, the HPD
loggers are large (18g in weight and 58(h) x 33() x 28(w)
mm), making them cumbersome for measuring activity levels
of young turkeys and therefore not suitable for detecting long-
term changes in activity levels of growing turkeys. Furthermore,
the HPD loggers were only able to record continuously for
54 min. Similarly to the HPD loggers, the study determining
lethargy in Pekin ducks used a similarly sized sensor (Actical)
at 17.5g (15) while the laying hen study used a prototype
accelerometer that is not commercially available (16). With
recent advances in technology, it is now possible to use
micro-data loggers that are much smaller, lighter, and that
have a longer memory and battery capacity, enabling changes
in animals’ activity levels and number of steps taken to be
recorded for longer periods of time and for smaller animals.
However, no studies have evaluated the feasibility and reliability

of using micro-data loggers for measuring activity levels of
turkeys.

In addition to the size and weight of the accelerometer,
the effect of the accelerometer on animal behavior is another
important consideration. The presence of the accelerometer itself
can cause changes in an animal’s behavior. Habituation is an
important concept when introducing novel technology to an
animal (18, 19). Introducing a novel object can cause fear and
affect the validity and reliability of a study (18). Furthermore,
the presence of a sensor may cause the animal wearing that
sensor to be targeted by pen-mates, leading to further changes
in typical behavior and potential changes in animal health status.
Due to the unfamiliar feeling of wearing an accelerometer,
birds may also favor the leg with an accelerometer by applying
less body weight on that foot (potentially affecting normal
walking gait). Image-related sensors have shown potential as
an alternative to accelerometers in terms of detecting bird
movement (20). In many situations, image sensors can be
more practical than accelerometers, however accelerometers
have the potential to detect certain aspects image sensors
currently cannot. For example overhead cameras can only detect
movements from the top of the bird as the legs will not be
seen in the camera’s vision, while accelerometers can be attached
to certain body parts of birds to target certain aspects of
movement.

Age related changes in turkey gait, although not heavily
researched, should be expected regardless of the effect of
wearing an accelerometer. A few studies have documented
a decrease in overall leg and footpad health in turkeys as
they age, and we expect gait to also change with age (21-
23). Krautwald-Junghanns et al. observed increasing severity
in footpad dermatitis and lesions from 6 to 16 weeks of age
(22). Dalton et al. (23) observed a worsening gait score as
birds aged, but there has been no further research into the
gait dynamics of these worsening scores (23). Turkeys have
gone through extensive selective breeding in order to generate
a fast-growing bird with a large breast muscle. These changes
in body conformation can have effects on how turkeys walk,
but limited research has investigated changes in turkey gait.
Recently, Kremer et al. demonstrated that as female turkeys age,
certain gait parameters such gait velocity, peak vertical force,
and step length increased with age while other parameters such
as gait cycle time were not affected (24). Similarly, Oviedo-
Rondén et al. demonstrated that in male turkeys, certain gait
dynamic change due to leg health and age. Step length was
longer in birds without leg abnormalities, peak vertical force
and impulse increased as a bird aged, and bipedal cycle time
was affected by both leg health and age (25). These age-related
studies indicate that both age and leg health play crucial roles in
turkey gait dynamics, so introducing an unfamiliar accelerometer
on the leg may further complicate how a bird walks. Male vs.
female gait changes may also be a factor as hens displayed a
longer step length with age, while males showed no change
(24, 25).

The overall goal of this research was to evaluate the feasibility
of using micro acceleration data loggers (accelerometers) for
detecting steps and changes in activity levels of turkeys at
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different ages. Specific objectives included: (1) determining the
effects of accelerometers and habituation to accelerometers
on turkey gait, (2) determining age-related changes in
gait, and (3) assessing the validity and reliability of the
accelerometers.

MATERIALS AND METHODS
Ethics Statement

This study was carried out in accordance with the
recommendations and approval of the Institutional Animal
Care and Use Committee of Purdue University.

Experimental Procedures

A total of 44 beak-trimmed tom turkeys (Nicolas Select, Aviagen
Turkeys, Lewisburg, West Virginia, USA) were obtained from
a commercial hatchery at 1 d of age and housed at the Purdue
Animal Sciences Research and Education Center (ASREC). From
1to 7 d of age, the poults were housed together in a brooding ring,
and then randomly assigned to 8 littered (wood shavings) pens
(measuring 2.44 m by 1.52 m) with either 5 or 6 birds per pen.
Each pen was supplied with a hanging feeder and bell drinker,
providing feed and water ad libitum. Lighting and temperature
were maintained according to Aviagen-recommended industry
standards (26). For the first day, poults were provided with 24 h
of light, which was gradually adjusted to a final photoperiod
of 15h light: 9h of darkness by the fourth day. A minimum
light intensity of 40 lux was provided. Room temperature
was changed weekly as recommended by Aviagen (26). Briefly,
poults were brooded at a temperature of 30°C, which was
gradually decreased to a final temperature of 13°C at 14
weeks.

Birds were randomly assigned to one of five groups. Groups
differed depending on whether they were habituated to wearing
a VetRap™ bandage (with or without an accelerometer) for one
week prior to data collection:

Habituated groups (H):

1) AH group: habituated to wearing both a bandage and an
accelerometer. Habituation to the Tekscan occurred for 2
weeks and habituation to the bandage for 1 week prior to each
data collection at 8, 12, and 16 weeks (n = 7).

2) VH group: habituated to wearing only a bandage. The
accelerometer was attached only while data were collected on
the Tekscan pressure sensing walkway at 8, 12, and 16 weeks.
Habituation occurred for 1 week prior to each data collection
at 8,12, and 16 weeks (n = 8).

Non-habituated groups (NH):

3) AN group: the bandage and accelerometer were attached only
when data were collected on the Tekscan pressure sensing
walkway at 8, 12, and 16 weeks. No habituation to the bandage
occurred (n =4).

4) VN group: the bandage was attached only when data were
collected on the Tekscan pressure sensing walkway at 8,
12, and 16 weeks. No accelerometer was attached and no
habituation to the bandage occurred (n = 10).

< Connector

FIGURE 1 | Orientation of the AXY-3 micro accelerometer.

Control group (C):

5) C group: no bandage or accelerometer were attached at any
time during the study (C, n = 6). No habituation to the
bandage occurred.

Sample sizes varied due to the number of birds in each pen
and due to mortality of 8 birds over the course of the study.
Two turkeys were found dead at 8 d, one at 10 d and one at
14 d, before data collection had started. One turkey from the
control (C) group was found dead at 10 weeks. One turkey (AN
group) was euthanized at 16 weeks due to a broken wing. Two
turkeys were euthanized due to lameness at 13 (AN group) and
14 (AH group) weeks, respectively. The two lame birds’ gait
data were not used in the analysis of the study at 12 weeks.
Only complete data sets from 36 birds were used in the final
analyses.

In order to attach an accelerometer to a turkey’s leg,
a accelerometer (AXY-3 Micro Acceleration Data Loggers,
TechnoSmArt, Guidonia-Montecelio, Italy) was sealed between
two pieces of VetRap bandage, and then secured around the
bird’s leg with more bandage. The accelerometer was placed
just above the hock, facing outward with the connector pointed
toward the ground and the battery in contact with the leg
(Figures 1-3). Accelerometer attachment was balanced for left
and right legs across treatment groups. We used a total of 10
accelerometers and set accelerometers to record at a frequency of
10 Hz. The accelerometers recorded acceleration measurements
in 3 dimensions (X, Y, Z). The accelerometers are 9.5 (1) x 15 (h)
x 4 (w) mm, weigh 0.7 g, and have the potential to record for up
to 30 days on a single charged battery (40).

We examined the effects of the accelerometer on turkey gait
parameters at 8, 12, and 16 weeks using a Tekscan® pressure
sensing walkway (Tekscan Inc, South Boston, MA, USA) and
by analyzing video recordings of turkeys as they walked across
the Tekscan. Some Tekscan gait parameters are calculated by
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FIGURE 2 | Location of AXY-3 micro accelerometer attached to the leg of the
turkey.
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FIGURE 3 | AXY-3 micro accelerometer axis orientation and placement on
each bird.

the Tekscan software using both limbs [number of steps (strike
number), cadence, gait time, gait distance, and gait velocity],
while other measures are calculated for each limb separately
(impulse, gait cycle time, maximum force as a percentage of body
weight, peak vertical pressure, single support time, stance time,
step length, step time, step velocity, stride length and total double

support time, among others). Descriptions of gait parameters are
provided in Table 1. Gait parameters were selected for analysis
based on previous leg heath studies with the Tekscan system in
turkey hens (24) and Pekin ducks (30).

The Tekscan was placed in the aisle between turkeys’ pens.
A runway was constructed to ensure that turkeys remained on
the Tekscan pressure sensing walkway. The runway was the same
length as the Tekscan (0.58 x 1.09 m) and consisted of a piece of
clear plexiglass secured by two wooden support boards. Two clear
plastic mats were also placed on the floor on either side of the
Tekscan so that the birds would walk on the same type of surface
to prevent changes in gait as the birds stepped on the Tekscan.

A video camera was positioned 1.23m from both ends of
the mat to record turkeys as they walked across the Tekscan.
The camcorders (Sony Camcorders, CX405, Sony Corporation of
America, New York, NY) were attached to a tripod at a height
of approximately 0.61m. On data collection days, VN, VH,
AN, AH, and C birds were tested in random order. During the
recording process, one researcher was positioned approximately
3m from the center of the Tekscan to operate the laptop that
controlled the Tekscan. Another researcher removed individual
turkeys from their respective pens, applied the determined
treatment to the leg, and positioned the bird in front of the
first plastic mat. Birds were recorded as they walked across the
Tekscan in one direction, then back across the Tekscan in the
other direction. The bird would walk down the constructed
walkway (pass 1), and then the researcher would walk to the other
end of the Tekscan to have the bird take another pass across the
walkway (pass 2). All birds had been habituated to this setup
and process of walking with a researcher present prior to data
collection.

Birds were habituated to the Tekscan for the 2 week period
before each data collection. At 6 weeks, turkeys were placed on
the Tekscan for 30 min daily for 2 weeks. However, the 30 min
habituation period was shortened to 15 min for the 2 weeks prior
to 12 and 16 weeks because birds began to rest 15min into
the habituation sessions. The habituation procedure included
removing an entire pen of turkeys and re-locating the birds to
the Tekscan set up. During the 15min session, birds would be
encouraged to walk over the Tekscan several times to get used to
walking on the plastic surface.

Starting at 4 weeks of age, turkeys were marked every 2 weeks
with black non-toxic livestock marker (Prima Tech Marking
Stick, Neogen Corp., Lansing, MI, USA) for identification
purposes and to ensure that markings remained visible. The
health status and body condition (feather condition, footpad
health, feather cleanliness, body condition, and body weight) of
the turkeys were checked and recorded before each day of data
collection at 8, 12, and 16 weeks. Body feather condition was
scored as 0 (little to no missing or broken feathers), 1 (feather
loss/damage up to 5 cm in diameter), or 2 (feather loss or damage
of 5 cm or greater) [adapted from (31)]. Feather condition of the
wings and tail were scored as 0 (no broken or missing feathers),
1 (<25% missing or broken feathers), 2 (between 25 and 50%
missing or broken feathers) or 3 (more than 50% missing or
broken feathers). Feather cleanliness was scored as 0 (no soiling),
1 (moderately soiled) or 2 (severe soiling). Footpad health was
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TABLE 1 | Description of measurements analyzed on the Tekscan pressure sensing walkway [adapted from Tekscan WalkwayTM User Manual (27)] and duty factor
[determined using methods of Gatesy and Biewener (28); Paxton et al. (29) and Oviedo-Rondon et al. (25)].

Tekscan measure Definition

Cadence (steps/min)
Gait time (s)

Gait distance (cm)

Number of steps taken per minute

Gait velocity (cm/s) Gait distance divided by gait time
Impulse (%)

Gait cycle time (s)
Maximum force (%BW)
Peak pressure (KPa) The maximum pressure value recorded
Single support time (s)

Stance time (s)
the walkway

Step Length (cm)

Step time (s)

Step velocity (cm/s) Step length divided by step time

Stride length (cm)

Total double support time

Time from first contact with the walkway to the last contact with the walkway
The distance from the heel of the first stance to the heel of the last stance

Amount of force exerted on the walkway over the entire walk (as a percentage of body weight)
Average time from the first contact of a foot to the next contact of the same foot
Maximum amount of pressure exerted onto the walkway as a percentage of the subject’s body weight

The time that the foot is in contact with the walkway
The average time from when the foot first comes into contact with the walkway to the last time when the foot is in contact with

The average distance from the heel of the first foot to the heel of the second foot in a single stride

Elapsed time from the first contact of the foot to the walkway to the first contact of the opposite foot to the walkway

The distance between consecutive footprints of the same foot
A foot’s initial double support time (time from first contact of the foot to last contact of the opposing foot’s next stance) added to

the same foot’s terminal double support time (time of first contact of the opposing foot to last contact of the foot under

consideration)
Contact time (s)
Duty factor (s)

Total time a foot was in contact with the walkway
Contact time/Gait cycle time; stride data derived from the point where the foot was in contact with the ground

scored according to the Global Animal Partnership standards
for turkeys (2015) as 0 (no lesions, swelling, or erosion of the
footpad), 1 (mild or superficial lesions and/or thickened skin),
or 2 (severe lesions, ulcers and/or scabs).

Statistical Analysis

Effects of Treatment and Age on Turkey Health, Body
Condition and Gait

Age related changes in turkey health status and body condition
measures were analyzed in SPSS (version 25) for H, C, and NH
groups using a Friedman test with a post hoc Wilcoxon test
and Bonferroni adjustment for multiple pairwise comparisons.
Treatment related differences were analyzed in SPSS with a
Kruskal-Wallis test. The majority of turkeys received scores of
0 for the various health and body condition measures. Therefore,
statistical analyses comparing age and treatment effects were only
performed on tail, left wing, and right wing feather condition
scores.

Tekscan data were analyzed to determine the effects of age
(8, 12, and 16 weeks) and treatment group (H, NH, and C) on
gait parameters. Tekscan data were selected for analysis if several
conditions were met:

1) All toes were present on the pressure pad at each step

2) The bird walked continuously during the walk, without
stopping, standing, or jumping

3) There were at least 4 consecutive steps taken

In addition to the gait parameters derived from the Tekscan,
we calculated the duty factor [derived from (25, 28, 29)] to
incorporate previous avian gait dynamics known to change

with age (24, 25, 28). Duty factor is a measure of the total
stride cycle when the foot is in contact with the ground
(Table 1).

Tekscan parameters and duty factor were analyzed using
a repeated measures model (PROC MIXED, SAS 9.4) that
included pen as a random effect. The following analyses were
conducted:

1) Tekscan measures calculated taking both limbs into
consideration (number of steps, cadence, gait time,
gait distance and gait velocity): treatment, age and their
interaction were included as factors to determine whether
Tekscan parameters changed with age and due to habituation
to the VetRap bandage.

2) Tekscan measures calculated for each limb (impulse, gait
cycle time, maximum force (% BW), peak pressure, single
support time, stance time, step length, step time, step velocity,
stride length, and total double support time) and duty
factor: treatment, age, limb (bandaged or not), and all their
interactions were included in a model to evaluate whether
there were differences between bandaged and unbandaged
limbs within treatment groups, and between bandaged or
unbandaged limbs among treatment groups and ages. In
order to do these comparisons, we had determined that
there were no differences between left and right limbs of C
birds (PROC MIXED, SAS 9.4 with limb and age as factors,
individual bird as the repeated measure and pen as a random
effect). Consequently, we randomly assigned one limb of each
C bird as the designated limb for comparison so that we
could analyze differences between limbs of each treatment

group.
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Validity and Reliability of Accelerometers

Validity and reliability of accelerometers were analyzed using
data from VH, AH, and AN as these groups all had
accelerometers attached at the time that birds were walking across
the Tekscan walkway. In order to analyze data obtained from the
accelerometers, the accelerometer output was transformed and
smoothed in LabVIEW (National Instruments, Austin, Texas,
USA) using an adapted Pan-Tompkins algorithm (32) based on
the methods of Dalton et al. to determine the number of steps
taken by individual birds (17). The Methods of Dalton et al.
were modified to include all three axes (X, Y, and Z), which were
combined into a single variable within the Lab VIEW program
[Figure 4; (17)]. To determine the number of steps taken, a
step threshold was selected so any acceleration values above the
step threshold were considered steps, whereas values below the
threshold were not considered steps. The step threshold varied
depending on the age of the birds and was set at 0.42 g/s for 8
weeks, 0.53 g/s for 12 weeks, and 0.66 g/s for 16 weeks (where
g represents acceleration due to gravity). The step threshold was
examined every 0.01 g/s between the range of 0.3-0.8 g/s and the
step threshold level was set to when the cumulative sensitivity for
each age group was highest (17, 33).

In this study, a step was defined as the point when all toes
of one foot were off the ground while the footpad of the other
foot remained in contact with the ground. Video camera step
counts were determined by visually counting steps every 0.1s
as the bird walked across the Tekscan. A scoring system of 0
and 1 was used to score when the bird took a step (1) or was
not stepping (0) [as described in (8, 17)]. A single observer
(RS) conducted video analyses to determine when the bird did
and did not take a step. The accelerometer step count was
compared to the step count determined from video recordings to
calculate the sensitivity, accuracy, false discovery rate, specificity
and precision of the accelerometers (17). The accelerometer
and video data were both synchronized using a watch and an
audio cue on the video so that the researcher verbally stated the
moment and the time at which the accelerometer was activated,
thus enabling the video time stamp to be matched with the
accelerometer time stamp. A true positive was the number of
steps detected by the accelerometer that were also observed on
the video recording, whereas a true negative was the number of
non-stepping time points detected by the accelerometer that were
also non-stepping time points on the video recording. A false
positive occurred when the accelerometer detected a step, but no
step was observed on the video recording, while a false negative
occurred when the video determined the bird was stepping,
but no step was detected by the accelerometer. The following
equations were utilized to determine sensitivity, accuracy, false
discovery rate, specificity, precision, and cumulative sensitivity
of the accelerometers (17):

Sensitivity = True Positive / (True Positive
+ False Negative) x 100
Accuracy = (True Positive+ True Negative) /

(True Positive + True Negative
False Positive + False Negative) x 100

False discovery rate = False Positive / (False Positive
+ True Positive) x 100

Specificity = True Negative / (True Negative
+ False Positive) x 100
Precision = True Positive / (True Positive

+ False Positive) x 100

Cumulative Sensitivity = Sensitivity — False Discovery Rate

RESULTS

Treatment and Age Effects on Turkey

Health Status and Body Condition

As expected, average body weight + sd increased with age (8
weeks: 3.81 £ 0.34 kg, 12 weeks: 9.24 £ 0.79 kg and 16 weeks:
15.17 + 1.20 kg), but did not differ among treatment groups.
Snood wounds were noted on three birds at 12 weeks (one
each from AN, VH, and C with two birds being from the same
pen). The large majority of the scores for footpad health, feather
cleanliness, and feather condition of the neck, rump, and back
were 0, so only tail and wing feather scores were included in
further analysis. Wing and tail feather condition scores were not
significantly different between VH and AH or between VN and
AN groups; therefore to increase power of the results, treatment
groups were combined into habituated (AH, VH; n = 17), non-
habituated (AN, VN; n = 10), and control (C; n = 8) groups
to analyze age differences. Both wing and tail feather condition
varied due to age for all treatment groups. The habituated (H)
birds had lower tail feather scores at 8 weeks (median; 25th
quartile, 75th quartile: 0; 0, 0.5) compared to scores at 12 weeks
(1; 1, 1) and 16 weeks (1; 1, 1; P < 0.0001). Feather damage was
worse for both left and right wings at 12 weeks (2; 2, 2) compared
to 8 weeks (1; 1,1) and 16 weeks (15 1, 1; P < 0.0001). Similar
to H turkeys, tail feather scores of NH turkeys were less severe
at 8 weeks (1; 0, 1) compared to 12 weeks (1; 1, 1) and 16 weeks
(1; 1, 1; P = 0.018). Wing feather damage was also more severe
at 12 weeks (left wing: 2; 1.75, 2; right wing: 2; 1, 2) compared
to 8 weeks (left wing: 1; 1, 1; right wing: 1; 1, 1; P < 0.01)
and 16 weeks (left wing: 1; 1, 1); right wing: 1; 1, 1; P < 0.01).
Turkeys in the C group had the least tail feather damage at 8
weeks (0; 0, 1) compared to 12 weeks (1; 1, 1) and 16 weeks (1,
1,1; P = 0.007). Wing feather damage was worst at 12 weeks (2,
1, 2) compared to both 8 weeks (1; 1,2) and 16 weeks (1; 1, 2;
P = 0.039).

Treatment and Age Effects on Turkey Gait
Tekscan Measures Calculated Using Both Limbs
Tekscan gait parameter results are presented in Table 2. There
was a significant interaction for age and treatment for the number
of steps taken, with post hoc comparisons indicating a tendency
for the number of steps to be higher for H turkeys than C
turkeys at 8 weeks (P = 0.06). No other significant differences
were found. Cadence varied due to age, with cadence being
higher at 16 weeks compared to 8 and 12 weeks, and higher at
12 weeks compared to 8 weeks (Table 2). No significant effects
of age, treatment or their interaction were found for gait time.
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FIGURE 4 | Accelerometer step detection output example after processing through LabVIEW. The top graph depicts the X, Y, and Z axis accelerations while the
bottom graph depicts the processed acceleration data where all three axis have been combined. The yellow line on the bottom graph depicts the step threshold and
any acceleration peaks above the threshold indicates that a bird is taking a step.

Gait distance was significantly longer at 12 weeks compared to 8  birds was longer at 16 weeks compared to 8 and 12 weeks. Step
weeks, but no other significant differences were found. Similarly,  velocity of C birds was higher at 12 weeks than at 16 weeks, with
gait velocity varied with age, and was faster at 12 weeks than at  step velocity at 8 weeks being intermediate. Stride length of H
16 weeks (P = 0.01), but no other significant differences were  birds was longer at 12 weeks compared to 8 weeks, with stride
found. length at 16 weeks being intermediate. Similarly, stride length of
In order to determine whether the presence of a bandage  C birds was higher at 12 weeks compared to both 8 and 16 weeks.
affected turkey gait, we compared gait parameters among  The only significant treatment effect that was found was for total
bandaged and unbandaged limbs at each age and for each  double support time, which was longer for NH birds than for
treatment group. Limbs from control birds were randomly  C birds, with H birds being intermediate but not different from
designated as a “bandaged” limb in order to compare gait the other two groups at both 8 and 16 weeks (P < 0.001). At 8
parameters among treatment groups; previous analyses had  weeks, turkeys in the C group walked with a higher total double
indicated that there were no differences in any gait parameters  support time compared to both H and NH groups (P = 0.001).
between left and right limbs of C birds. There were no significant At 16 weeks, turkeys in the C and H group had higher total
differences for any gait parameters between bandaged and  double support times compared to NH turkeys (P = 0.03). Total
unbandaged limbs. Therefore, limb parameters were combined  double support time of H and C birds were higher at 16 weeks
and we report the effects of age, treatment group and their  than at 8 and 12 weeks (P = 0.01); NH birds had a lower total
interaction on gait parameters in Table 3. double support time at 8 weeks compared to 12 and 16 weeks
The only significant treatment effect that was found was for (P = 0.02).
total double support time, which was longer for NH birds than for L o
C birds, with H birds being intermediate but not different from Accelerometer Reliability and Validity
the other two groups at both 8 and 16 weeks. All gait parameters, ~ The sensitivity, accuracy, false discovery rate, specificity, and
excluding step time and duty factor varied with age (Table 3).  precision of the accelerometers were calculated by comparing
Impulse was higher at 16 weeks than at 8 weeks, whereas gait ~ the number of steps determined from the accelerometers to the
cycle time and stance time were higher at 16 weeks than at § and ~ number of steps determined from video recordings (Table 4).
12 weeks. Maximum force (as a percentage of body weight), peak ~ Accelerometers detected fewer steps and had false positives
pressure, stride length, and total double support time differed ~ and negatives compared to video observations (Tables4, 5).
among all ages, with peak pressure and total double support time ~ Age and treatment affected accelerometer precision (age only),
being highest at 16 weeks. However, maximum force, step length ~ sensitivity (age only), accuracy (age and treatment), specificity
and stride length were highest at 12 weeks. Step velocity was  (age and treatment), and false discovery rate (age and treatment)
lower at 16 weeks than at 12 weeks, with step velocity at 8 weeks ~ (Table 5). No age-treatment interactions were found for any of
being intermediate. the accelerometer parameters.
The interaction between age and treatment was significant for
impulse, gait cycle time, stance time, step velocity, stride length, DISCUSSION
and total double support time. Impulse of H and C birds was
higher at 16 weeks than at 8 weeks. Gait cycle time was longer =~ We examined changes in bird health status and body condition
for H birds at 16 weeks than at 8 and 12 weeks. Stance time of C ~ immediately prior to data collection at 8, 12, and 16 weeks to
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TABLE 2 | Differences in least square means (+ standard error) Tekscan gait parameters* among turkeys habituated to wearing a VetRap bandage with or without an
attached accelerometer (H group), turkeys not habituated to wearing a bandage or accelerometer (NH group) and control turkeys that did not wear any bandage or

accelerometer at any time (C group) at 8, 12, and 16 weeks of age.

Gait parameter Treatment group Age Main effect (treatment)
8 weeks 12 weeks 16 weeks
Number of steps H 7.55 £ 0.47 6.93 + 0.49 7.55 £ 0.49 7.34 £ 0.30
NH 7.29 £ 0.53 7.53 £ 0.58 6.35 £ 0.53 7.10 £ 0.33
C 5.40 £ 0.53 7.00 £ 0.59 7.45 £ 0.56 6.62 + 0.35
Main effect (age) 6.75 + 0.31 7.15 £ 0.32 712 £0.32
Cadence H 92.25 + 6.95 86.21 + 6.46 70.68 + 6.46 83.056 + 4.35
NH 92.25 + 6.26 77.73 £ 6.95 73.38 + 7.01 77.89 + 4.66
C 78.28 + 6.95 85.83 + 7.65 66.18 £ 7.29 76.76 + 4.79
Main effect (age) 84.37 £ 4.602 83.26 + 4.72P 70.07 + 4.66°
Gait time H 4.08 +£ 0.47 3.88 + 0.49 5.15 +£ 0.49 4.37 £ 0.31
NH 4.33 +£ 0.54 4.63 + 0.53 3.93 + 0.53 4.30 +£ 0.34
C 3.70 £ 0.53 3.63 + 0.59 5.37 + 0.56 4.24 £ 0.35
Main effect (age) 4.04 £ 0.34 4.05 £ 0.35 4.82 + 0.34
Gait distance H 113.63 + 7.60P 122.05 4+ 7.902 123.63 + 7.902 119.77 £ 4.77
NH 113.64 + 8.65° 126.43 + 8.622 108.10 + 8.652 116.06 + 5.24
C 83.09 + 8.63P 127.67 + 9.622 113.60 + 9.092 108.12 + 5.54
Main effect (age) 103.45 + 4.96P 125.38 + 5.192 115.11 + 5.098:P
Gait velocity H 30.64 + 3.09P 35.74 + 3.172 25.82 + 3178 30.73 + 2.03
NH 28.33 + 3.08P 29.04 + 3.392 28.24 + 3.42P 28.54 + 2.19
c 27.64 + 3.42° 35.94 + 3.712 22.96 + 3.56° 28.85 + 2,17
Main effect (age) 28.87 & 2.323b 33.57 4 2.372 25.67 4 2.340

ab.c\eans within rows that have different letters are significantly different (P < 0.05).

*These Tekscan measures are provided by the Tekscan software as a single value (not for each foot independently of the other foot).

determine any changes due to age or treatment and to assess
whether a bird was healthy to include in the gait analysis. No
differences in health status and body condition due to treatment
were detected. Therefore, we can infer that despite the changes in
gait due to wearing an unfamiliar accelerometer, no negative side
effects were observed in terms of feather condition, body weight,
feather cleanliness, or footpad health. When accelerometers
were first placed on each bird, birds pecked at the VetRap
intermittently for several minutes (we did not systematically
collect data to examine this behavior). Some birds were also
observed to shake and kick the leg that had the bandage attached
to it, but this behavior was only seen when the bandage was
first applied. There were two instances of the birds successfully
tearing off the bandage during a habituation period at 12 weeks
and then another at 16 weeks. The bandage and accelerometer
were then re-applied the same day, and accelerometers did not
appear to shift during any other incidents. The other pen mates
did not appear to be interested in the birds’ leg that had a bandage
applied, and we did not observe instances of other birds in the
pen pecking at bandages. No long term behavioral or health issues
were observed by the researchers. In terms of health changes
due to age, the feather condition of both left and right wing
feathers peaked in severity at 12 weeks, indicating that feather
damage from feather pecking was highest at 12 weeks of age. Tail
feathers had the highest scores at both 12 and 16 weeks of age.
The welfare scores were to be expected as several studies have

outlined an increase in injurious feather pecking as a turkey ages
(23, 34, 35).

As a turkey ages, gait variables would be expected to change
due to physical and morphological changes, such as increased
body weight and leg length. In addition, overall foot and leg
health have been shown to decline with age in domestic turkeys,
resulting in poorer gait scores in older birds (21-23). There
were several variables for which age affected how a bird walked
including cadence, gait distance, and gait velocity while number
of steps and gait time remained unchanged (Table 2). Results of
this study indicated that by the time turkeys reach 16 weeks of
age, gait parameters change such that turkeys take fewer steps
per minute (cadence), spend more time on both feet (single and
total double support time) and exert more pressure on the ground
(peak pressure and maximum force) than at 8 and 12 weeks of
age. At 12 weeks of age, several gait parameters peaked compared
to 8 and 16 weeks. Generally, turkeys walked faster (gait velocity)
and took longer steps (step length and stride length) at 12 weeks
than at 8 weeks and 16 weeks. Some of the age-related changes
reported here have not been observed in other studies. Cadence
is the number of steps taken per minute (27), which was lower at
16 weeks of age compared to 8 and 12 weeks. Cadence had not
been previously shown to decrease with age in turkey hens (24).
Differences due to turkey sex may be a factor as hens displayed a
longer step length with age (24), while no changes were observed
for male turkeys (25). It is possible that continued exposure to the
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TABLE 3 | Differences in least square means (+ standard error) Tekscan gait parameters* among turkeys habituated to wearing a VetRap bandage with or without an
attached accelerometer (H group), turkeys not habituated to wearing a bandage or accelerometer (NH group) and control turkeys that did not wear any bandage or

accelerometer at any time (C group) at 8, 12, and 16 weeks of age.

Gait parameter Treatment group Age Main effect (treatment)
8 weeks 12 weeks 16 weeks
Impulse H 56.76 + 4.98P 72.57 £ 5.012P 82.21 + 5.262 70.51 £ 3.76
NH 71.37 £ 5.93 80.62 + 6.15 77.09 £ 5.65 76.36 + 4.15
C 68.58 =+ 5.60P 70.0 + 6.128b 91.75 + 5.852 76.78 + 4.13
Main effect (age) 65.60 + 3.96° 74.40 £ 4.072b 83.68 & 3.982
Gait cycle time H 1.35 +£0.12P 1.42 £ 0.12P 1.91 +£0.132 1.56 + 0.10
NH 1.60 + 0.15 1.75 £ 0.15 1.64 £ 0.14 1.67 + 0.1
C 1.68 + 0.14 1.42 £0.15 1.88 £ 0.15 1.66 + 0.11
Main effect (age) 1.54 & 0.10P 1.53 £ 0.10P 1.81 & 0.102
Maximum force (% body weight) H 97.53 & 2.36 112.36 + 2.38 106.63 + 2.47 105.50 =+ 2.05
NH 97.02 + 2.98 108.23 + 2.91 102.56 + 2.70 102.61 £ 2.26
c 97.41 +2.88 105.40 + 3.06 101.23 + 2.97 101.35 + 2.57
Main effect (age) 97.32 + 1.55¢ 108.66 + 1.622 103.47 £ 1.57P
Peak pressure H 83.73 + 3.59 147.75 + 3.63 163.53 + 3.82 131.19 + 3.15
NH 86.60 & 4.37 144.16 £ 4.63 162.82 & 4.19 131.67 £2.78
C 96.50 + 4.29 146.83 + 4.70 169.24 + 4.49 137.52 + 3.45
Main effect (age) 88.94 & 2.37¢ 146.24 £ 2.51P 165.20 & 2.402
Single support time H 0.42 + 0.03 0.33 + 0.03 0.34 + 0.03 0.36 + 0.02
NH 0.48 + 0.04 0.38 + 0.04 0.34 + 0.03 0.40 + 0.02
C 0.45 + 0.03 0.33 + 0.04 0.36 + 0.04 0.38 + 0.02
Main effect (age) 0.45 £ 0.022 0.34 + 0.02° 0.35 + 0.020
Stance time H 0.95 +0.10 1.07 + 0.01 1.36 & 0.10 1.13 £ 0.08
NH 1.22 + 0.1 1.21 £ 0.12 1.21 £ 0.11 1.22 + 0.08
c 1.19 £0.11P 1.13 £0.12P 1.58 £ 0.112 1.30 + 0.09
Main effect (age) 1.12 + 0.08P 1.14 + 0.08P 1.68 + 0.082
Step length H 19.75 + 0.68° 24.30 + 0.682 22,05 + 0.73P 21.91 & 0.40
NH 19.69 + 0.84 23.02 + 0.90 23.02 + 0.80 22,03 + 0.39
C 20.39 + 0.80P 24.71 + 0.892 20.78 + 0.843P 21.96 + 0.55
Main effect (age) 19.94 + 0.45° 24.01 + 0.482 21.95 + 0.46P
Step time H 0.68 + 0.06 0.73 + 0.06 0.90 + 0.07 0.77 + 0.05
NH 0.83 4+ 0.08 0.87 + 0.08 0.80 + 0.07 0.83 + 0.05
c 0.88 + 0.07 0.71 + 0.08 0.95 + 0.08 0.85 + 0.05
Main effect (age) 0.80 + 0.05 0.77 + 0.05 0.88 + 0.05
Step velocity H 32.62 + 2.79 37.09 + 2.82 27.17 £ 2.96 32.39 + 2.18
NH 30.15 + 3.35 29.78 + 3.48 31.36 + 3.19 30.43 + 2.41
c 28.63 + 3.18%P 36.48 + 3.472 22.73 + 3.32P 29.28 + 2.47
Main effect (age) 30.47 + 2.163P 34.45 £+ 2.232 27.09 + 2.17°
Stride length H 38.82 + 1.34P 48.40 + 1.352 43.48 + 1.43%P 43.57 +1.00
NH 38.57 + 1.64P 44.73 + 17420 45.05 + 1.572 4278 + 1.14
¢ 40.44 + 1.59° 48.55 + 1.752 41.85 + 1.67° 4361 +1.23
Main effect (age) 39.28 4+ 0.89°¢ 47.22 +£ 0.958 43.46 + 0.91P
Total double support time H 0.54 + 0.08°Y 0.74 + 0.08° 1.08 + 0.082 0.79 + 0.06%Y
NH 0.49 4 0.10b:Y 0.84 £ 0.10 0.85 & 0.092Y 0.73 +0.07"
C 0.87 4 0.09bX 0.79 £ 0.10° 1.23 + 0.098X 0.97 + 0.07%
Main effect (age) 0.64 + 0.06° 0.79 £ 0.07° 1.06 + 0.062
Duty factor H 0.71 £ 0.04 0.75 + 0.04 0.73 £ 0.04 0.78 + 0.02
NH 0.78 + 0.04 0.71 + 0.05 0.76 + 0.04 0.75 + 0.03
C 0.72 + 0.04 0.77 + 0.05 0.83 + 0.04 0.77 + 0.03
Main effect (age) 0.73 + 0.03 0.74 + 0.03 0.77 + 0.03

ab.c\eans within rows that have different letters are significantly different (P < 0.05).
XY Means within columns that have different letters are significantly different (P < 0.05).

*These Tekscan measures are provided by the Tekscan software for each foot separately, but because feet did not differ from one another, we report least square means for both feet

combined.
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TABLE 4 | Total number of steps recorded from video and accelerometers for the three accelerometer-wearing treatment groups1 .

Treatment Video step counts (Total) Accelerometer step counts (Total) True positive True negative False positive False negative
AH 89 87 84 82 3 14
AN 69 86 59 58 35 10
VH 116 107 101 89 6 15

True positive, true negative, false positive, and false negative were determined from comparing accelerometer output to the true number of steps from the video output.
"Birds were assigned to treatment groups: AH, habituated to wearing an accelerometer; AN, not habituated, but wearing an accelerometer; VH, habituated to wearing a bandage.

TABLE 5 | Mean (+ standard error) false discovery rate, sensitivity, accuracy,
specificity and precision of the accelerometers relative to video observations
of step counts at 8, 12, and 16 weeks for each treatment group1 .

Variable Treatment 8 weeks 12 weeks 16 weeks
Precision AH 8454 4+0.502P 8548 +0.542 83.25 + 0.49P
AN 85.73 £ 0.562 85.94 +0.5228 78.19 + 0.52P
VH 86.18 4+ 0.472  85.40 + 0.458  80.44 + 0.46P
Sensitivity AH 88.53 +0.522 87.49+0.562 81.72 + 0.55P
AN 88.93+0.60% 87.41 +0.562 82.14 + 0.55P
VH 88.36 + 0.49% 86.54 + 0.49% 82.84 + 0.52P
Accuracy AH 88.55 + 0.262 88.02 +0.282  84.46 + 0.28P
AN 84.65 + 0.30° 83.73+0.28° 84.60 + 0.282P
VH 87.98 £ 0.25% 87.29+0.25% 84.43 + 0.26P
Specificity AH 84.00 + 0.24% 8572 +£0.2820 82,15 4 0.27¢
AN 84.30 £ 0.28% 83.19+0.262 79.42 + 0.26P
VH  83.8640.23%C 86.38+023° 8217 +0.24C
False Discovery AH 11.69 + 0.4728  11.45+0.50%P 21.18 +0.50°
Rate AN 15.34 £0.54°  10.73 £0.50° 25.35 £ 0.509
VH 12.08 £ 0.4428 1210 £ 0.4428  22.00 + 0.47°

ab.c.d Different means within each variable differ statistically (P < 0.05).
"Birds were assigned to treatment groups: AH, habituated to wearing an accelerometer;
AN, not habituated, but wearing an accelerometer.

Tekscan over time resulted in a lower cadence by 16 weeks in our
study. Alternatively, the birds could have walked at a slower pace
due to an increase in body size or decline in leg health. We also
observed a longer gait distance and slower gait velocity at both 12
and 16 weeks of age further confirming that cadence would also
be lower if birds are taking a slower and longer stride (Table 2).
Although Kremer et al. (24) did not see a significant difference in
cadence as turkey hens age, they did see a slower gait velocity with
age, similar to our findings and those of Oviedo-Rondon et al.
(25). Oviedo-Rondon et al. (25) also reported that step length of
male turkeys increased with age (13, 15, and 20 weeks), which is
similar to the results of our study; however, step length was at its
highest at 12 weeks and then decreased at 16 weeks (25).

Using the gait parameters that compared bandaged vs.
unbandaged limbs, almost all were affected by age (Table 3).
More specifically, total double support time, stride length, step
velocity, step length, stance time, single support time, peak
vertical pressure, maximum force, gait cycle time, and impulse
were all found to have changes associated with age. Although
it was initially, anecdotally observed that non-habituated birds
displayed behaviors of discomfort, such as kicking or pecking

at the bandage, many gait parameters seemed unaffected by
treatment group. A possible explanation is that heavier birds are
unable to maintain balance using a longer stride relative to leg
length unlike younger, lighter birds. The overall gait dynamic
of swing could also have changed causing more medial-lateral
swing rather than a straight-line path (indicated by the changes
in double support time, single support time, and gait time
changes). Previous research comparing broiler and laying hen
gait demonstrated that laying hens walk a more straight-line path
while broilers possess greater body movements (36). It may be
that turkeys, more similar to broilers, have more body oscillations
compared to laying hens. However, unlike broilers, turkeys had
a longer step as they aged due to a greater increase in leg
length. Similar to Kremer et al. single support time (main effects)
decreased with age in our study (24). It seems that most speed
related parameters tend to decrease as turkeys get older after
peaking at a certain age. Surprisingly, duty factor was unchanged
throughout the study. In male turkeys it had been found that duty
factor decreases with age much like the other gait parameters
analyzed, however there is an inconsistency as Kremer et al.
reported an overall decrease in duty factor with turkey hens (24).
Oviedo-Ronddn et al.’s male turkey study analyzed gait over a
longer time period (13, 15, and 20 weeks), so the birds could be
at different growing periods compared to our study (25). Many
parameters also had age and main effects interactions including
total double support time, stride length, step velocity, step time,
stance time, gait cycle time, and impulse. In this study, an age
and treatment foot interaction was observed for step length, and
maximum force. This suggests that treatment may have more or
less of an effect depending on the age of the bird. For some gait
parameters, even the foot the treatment was applied to can affect
gait.

The validity of accelerometers is determined by both accuracy
and specificity, while reliability refers to the precision and
sensitivity (37, 38). Validity reflects how well the accelerometers
measure the true step counts. In contrast, the reliability of
the accelerometers reflect how much error is present when
determining step counts. Compared to previous studies utilizing
accelerometers, the AXY-3 Data Loggers used in this study
were comparable in terms of accuracy, but had a higher false
discovery rate (8, 17, 33, 39). The false discovery rate increased
as birds aged with the highest values reported at 16 weeks.
These high false discovery rates could be due to the increased
variation among the individual birds as they aged or alternatively,
the processing method used to smooth the data in LabVIEW.
One method to reduce the false discovery rate would be to
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adjust the step threshold to each individual turkey rather than
using an average step threshold for all birds of a certain age.
However, this would not be feasible for large numbers of birds.
The validity and reliability of these accelerometers was also
greatly affected by non-habituated birds shaking and pecking at
the accelerometers on their legs during data collection. When
examining data from habituated and non-habituated turkeys, 35
out of the 44 false positives were attributed to the non-habituated
birds, further demonstrating the importance of habituation when
using accelerometers to detect the stepping activity of turkeys.
The morphology of birds might also have contributed to the
higher false discovery rate at 16 weeks.

Accelerometers have been shown to provide a use for both
scientific studies and commercial uses in animals. By showing
the potential validity of AXY-3 Data Loggers, steps can be taken
to study how stepping behavior and activity level changes can be
indicators of welfare issues such as lameness.

Although the sample size was small, which had the potential
to greatly affect the results of this study, results are still helpful
in contributing to the lack of research regarding uses of micro
accelerometers for poultry. Balancing the treatment between left
and right foot also provided an extra factor to consider in the
already low power of the results. Further research should be
conducted on the long term uses of micro-accelerometers to
detect behaviors and welfare concerns.

CONCLUSION

Based on the results, AXY-3 Micro Accelerometers are an
effective tool for recording the stepping activity of turkeys, but
the reliability and validity of these accelerometers varied by bird
age and prior habituation to the bandages used to secure the
accelerometers. Most gait parameters in turkeys are sensitive
to age effects, and unhabituated birds were shown to have an
additional age treatment interaction further affecting gait. Turkey
health status and body condition scores were affected by age
and not by treatment group, with feather condition worsening as
birds aged. Based on our results, a one-week habituation period
using only a bandage is effective in habituating turkeys to wearing

REFERENCES

1. Dawkins MS. Using behavior to assess animal welfare. Anim Welf. (2004)
13:3-7.

2. Weary DM, Huzzey JM, von Keyserlingk MAG. Using behavior to
predict and identify ill health in animals. ] Anim Sci. (2009) 87:770-7.
doi: 10.2527/jas.2008-1297

3. Neethirajan S. Recent advances in wearable
health  management. Sens Bio  Sens  Res.
doi: 10.1016/j.sbsr.2016.11.004

4. Miwa M, Oishi K, Nakagawa Y, Maeno H, Anzai H, Kumagai H,
et al. Application of overall dynamic body acceleration as a proxy for
estimating the energy expenditure of grazing farm animals: relationship
with heart rate. PLoS ONE (2015) 10:¢0128042. doi: 10.1371/journal.pone.01
28042

5. Lachica M, Aguilera JF. Energy expenditure of walk in grassland
for small ruminants. Small Rumin Res. (2005) 59:105-21.
doi: 10.1016/j.smallrumres.2005.05.002

animal
12:15-29.

sensors  for
(2017)

micro-data loggers. Further steps should be taken to assess the
uses of activity level related behaviors in turkeys to determine if
stepping behavior can be used as a proxy for changes in behavior.
Furthermore, future studies should look into age-related gait
dynamics and male and female gait changes.

DATA AVAILABILITY STATEMENT

The raw data collected for this study are available upon request to
qualified research scientists.

AUTHOR CONTRIBUTIONS

ME designed the project, assisted in data collection and analyses,
and made edits to the manuscript. HD assisted in methods,
analysis of accelerometer output and provided edits to the
manuscript. RS collected and analyzed data and drafted the
manuscript.

FUNDING

Funding was provided by the Purdue University Department of
Animal Sciences and the Purdue University Center for Animal
Welfare Science.

ACKNOWLEDGMENTS

We would like to thank the Purdue University Department of
Animal Sciences and the Purdue University Center for Animal
Welfare Science for providing funding for the project. We would
also like to thank those who assisted in welfare assessments of the
birds: Kailynn VanDeWater, Amelia Laub, Gabrielle House, and
Brianna Elliot. We are grateful for the help of Hilda Ibriga and
the Purdue Center for Statistical Counseling for assisting with
statistical analyses of health status and body condition scores.
We are very grateful to D. Karcher and C. Robison for use of the
Tekscan and their assistance with the Tekscan. Lastly, we are also
very grateful to Aviagen Turkeys for donating the turkeys used in
this study.

6. Ito K, Weary DM, von Keyserlingk MA. Lying behavior: assessin within- and
between-herd variation in free-stall-housed dairy cows. J Dairy Sci. (2009)
92:4412-20. doi: 10.3168/jds.2009-2235

7. Blomberg K. Automatic Registration of Dairy Cows Grazing Behaviour on
Pasture. Master’s thesis. Swedish University of Agricultural Sciences, Uppsala,
Sweden.

8. Ringgenberg N, Bergeron R, Devillers N. Validation of accelerometers
to automatically record sow postures and stepping behavior. Appl
Anim  Behav  Sci.  (2011)  128:44-7.doi:  10.1016/j.applanim.2010.

09.018

9. Giovanetti V, Decandia M, Molle G, Acciaro M, Mameli M, Cabiddu A, et al.
Automatic classification system for grazing, ruminating and resting behaviour
of dairy sheep using a tri-axial accelerometer. Livestock Sci. (2017) 196:42-8.
doi: 10.1016/j.livsci.2016.12.011

10. Kozak M, Tobalske B, Springethorpe D, Szkotnicki B, Harlander-

Matauschek A. Development of physical activity levels in laying hens
in three-dimensional aviaries. Appl Anim Behav Sci. (2016) 185:66-72.
doi: 10.1016/j.applanim.2016.10.004

Frontiers in Veterinary Science | www.frontiersin.org

January 2019 | Volume 5 | Article 319


https://doi.org/10.2527/jas.2008-1297
https://doi.org/10.1016/j.sbsr.2016.11.004
https://doi.org/10.1371/journal.pone.0128042
https://doi.org/10.1016/j.smallrumres.2005.05.002
https://doi.org/10.3168/jds.2009-2235
https://doi.org/10.1016/j.applanim.2010.09.018
https://doi.org/10.1016/j.livsci.2016.12.011
https://doi.org/10.1016/j.applanim.2016.10.004
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Stevenson et al.

Validity of Micro-Accelerometers for Turkeys

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Barwick J, Lamb D, Dobos R, Schneider D, Welch M, Trotter M. Predicting
lameness in sheep activity using tri-axial acceleration signals. Animals (2018)
8:12. doi: 10.3390/ani8010012

Higginson J, Millman S, Leslie K, Kelton D. Validation of a new pedometry
system for use in behavioural research and lameness detection in dairy cattle.
In: The First North American Conference on Precision Dairy Management.
(Toronto, ON). Progressive Dairy Operators: Elora, ON (2010).

Beer G, Alsaaod M, Starke A, Schuepbach-Regula G, Muller H, Kohler P,
et al. Use of extended characteristics of locomotion and feeding behavior for
automated identification of lame dairy cows. PLoS ONE (2016) 11:e0155796.
doi: 10.1371/journal.pone.0155796

Keegan K, Yonezawa Y, Pai F Wilson D, Kramer J. Evaluation of a
sensor-based system of motion analysis for detection and quantification of
forelimb and hind limb lameness in horses. Am J Vet Res. (2010) 65:665-70
doi: 10.2460/ajvr.2004.65.665

Marais M, Maloney SK, Gray DA. Sickness behaviours in ducks include
anorexia but not lethargy. Appl Anim Behav Sci. (2013) 145:102-8.
doi: 10.1016/j.applanim.2013.02.003

Park S, Choi J, Jeun M, Kim Y, Yuk SS, Kim SK, et al. Simulation study
on the wireless sensor-based monitoring system for rapid identification of
avian influenza outbreaks at chicken farms. Sensors 2010 IEEE (2010) 660-63.
doi: 10.1109/ICSENS.2010.5690089

Dalton HA, Wood BJ, Dickey JP, Torrey S. Validation of HOBO Pendant
(R) data loggers for automated step detection in two age classes of male
turkeys: growers and finishers. Appl Anim Behav Sci. (2016) 176:63-9.
doi: 10.1016/j.applanim.2015.12.005

Jones RB. Fear and adaptability in poultry: insights, implications
and  imperatives. ~ Worlds ~ Poultry  Sci . (1996)  52:131-74
doi: 10.1079/WPS19960013

Stadig LM, Rodenburg TB, Ampe B, Reubens B, Tuyttens FAM. An automated
positioning system for monitoring chickens” location: effects of wearing a
backpack on behaviour, leg health and production. Appl Anim Behav Sci.
(2018) 198:83-8. doi: 10.1016/j.applanim.2017.09.016

Aydin A. Development of an early detection system for lameness of
broilers using computer vision. Comput Electron Agric. (2017) 136:140-6.
doi: 10.1016/j.compag.2017.02.019

Martrenchar A, Huonnic D, Cotte JP, Boilletot E, Morisse JP. Influences on
stocking density on behavioral, health, and productivity on traits in turkeys in
large flocks. Br Poultry Sci. (1999) 40:323-31. doi: 10.1080/00071669987403
Krautwald-Junghanns ME, Ellerich R, Mitterer-Istyagin H, Ludewig M,
Fehlhaber K, Schuster E, et al. Examinations on the prevalence of footpad
lesions and breast skin lesions in British United Turkeys Big 6 fattening
turkeys in Germany. Part I: prevalence of footpad lesions. Poultry Sci. (2011)
90:555-60. doi: 10.3382/ps.2010-01046

Dalton HA, Wood BJ], Widowski TM, Guerin MT, Torrey S. Changes
in leg health, skin, and plumage condition in domestic male turkeys
of varying body weights. Appl Anim Behav Sci. (2016) 178:40-50.
doi: 10.1016/j.applanim.2016.02.010

Kremer ], Robinson C, Karcher D. Growth-dependent changes in
pressure sensing walkway data for turkeys. Front Vet Sci. (2018) 5:244.
doi: 10.3389/fvets.2018.00241

Oviedo-Rondon E, Mente P, Arellano C, Lascelles B, Mitchell A. Influence
of gait on bone strength in turkeys with leg defects. Poultry Sci. (2018)
97:2621-37. doi: 10.3382/ps/pey142

Aviagen Turkeys Inc. Management Guidelines Raising Commercial Turkeys.
PDF file. (2015). Available online at: https://www.aviagenturkeys.us/
documents?_english

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tekscan Walkway™ User Manual. Print. Version 7.02x. South Boston, MA
(2011).

Gatesy SM, Biewener AA. Bipedal locomotion: effects of speed, size
and limb posture in birds and humans. J Zool. (1991) 224:127-47.
doi: 10.1111/j.1469-7998.1991.tb04794.x

Paxton H, Daley MA, Corr SA, Hutchinson JR. The gait dynamics of the
modern broiler chicken: a cautionary tale of selective breeding. J Exp Biol.
(2013) 216:3237-48. doi: 10.1242/jeb.080309

Campbell CL, Colton S, Haas R, Rice M, Porter A, Schenk A, et al. Assessing
the waddle: an evaluation of a 3-point gait score system for ducks. Poultry Sci.
(2015) 94:1729-35. doi: 10.3382/ps/pev151

Bilcik B, Keeling L]. Changes on feather condition in relation to feather
pecking and aggressive behaviors in laying hens. Br Poult Sci. (1999) 40:444-
51. doi: 10.1080/00071669987188

Ying H, Silex C, Schnitzer A, Leonhardt S, Schiek M. Automatic Step
Detection in the Accelerometer Signal. In: Leonhardt S., Falck T., Mdh6nen P,
editors. 4th International Workshop on Wearable and Implantable Body Sensor
Networks (BSN 2007). IFMBE Proceedings, Vol. 13. Heidelberg: Springer
(2007).

Martiskainen P, Jirvinen M, Skon JP, Tiirikainen J, Kolehmainen M,
Mononen J. Cow behaviour pattern recognition using a three-dimensional
accelerometer and support vector machines. Appl Anim Behav Sci. (2007)
119:32-8. doi: 10.1016/j.applanim.2009.03.005

Busayi RM, Channing CE, Hocking PM. Comparisons of damaging feather
pecking and time budgets in male and female turkeys of a traditional breed
and a genetically selected male line. Appl Anim Behav Sci. (2006) 96:281-92.
doi: 10.1016/j.applanim.2005.06.007

Duggan G, Widowski T, Quinton M, Torrey S. The development of injurious
pecking in a commercial turkey facility. ] Appl Poultry Res. (2014) 23:280-90.
doi: 10.3382/japr.2013-00860

Reiter K. Analysis of locomotion of laying hen and broiler. Archiv Geflugkund.
(2002) 66:133-40.

Waiblinger S, Boivin X, Pedersen V, Tosi M, Janczak AM, Visser
EK, et al. Assessing the human-animal relationship in farmed
species: a critical review. Appl Anim Behav Sci. (2006) 101:185-242.
doi: 10.1016/j.applanim.2006.02.001

Martin P, Bateson P. Measuring Behaviour, An Introductory Guide. 2nd
Edn. New York, NY: Cambridge University Press (1993). pp. 1-222.
doi: 10.1017/CB0O9781139168342

Moreau M, Siebert S, Buerkert A, Schlecht E. Use of a tri-axial accelerometer
for automated recording and classification of goats' grazing behavior.
Appl Anim Behav Sci. (2009) 119:158-71. doi: 10.1016/j.applanim.2009.
04.008

TechnoSmart. (2011). Product Information. Available online at: http://www.
technosmart.eu/axy.php

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Stevenson, Dalton and Erasmus. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Veterinary Science | www.frontiersin.org

12

January 2019 | Volume 5 | Article 319


https://doi.org/10.3390/ani8010012
https://doi.org/10.1371/journal.pone.0155796
https://doi.org/10.2460/ajvr.2004.65.665
https://doi.org/10.1016/j.applanim.2013.02.003
https://doi.org/10.1109/ICSENS.2010.5690089
https://doi.org/10.1016/j.applanim.2015.12.005
https://doi.org/10.1079/WPS19960013
https://doi.org/10.1016/j.applanim.2017.09.016
https://doi.org/10.1016/j.compag.2017.02.019
https://doi.org/10.1080/00071669987403
https://doi.org/10.3382/ps.2010-01046
https://doi.org/10.1016/j.applanim.2016.02.010
https://doi.org/10.3389/fvets.2018.00241
https://doi.org/10.3382/ps/pey142
https://www.aviagenturkeys.us/documents?_english
https://www.aviagenturkeys.us/documents?_english
https://doi.org/10.1111/j.1469-7998.1991.tb04794.x
https://doi.org/10.1242/jeb.080309
https://doi.org/10.3382/ps/pev151
https://doi.org/10.1080/00071669987188
https://doi.org/10.1016/j.applanim.2009.03.005
https://doi.org/10.1016/j.applanim.2005.06.007
https://doi.org/10.3382/japr.2013-00860
https://doi.org/10.1016/j.applanim.2006.02.001
https://doi.org/10.1017/CBO9781139168342
https://doi.org/10.1016/j.applanim.2009.04.008
http://www.technosmart.eu/axy.php
http://www.technosmart.eu/axy.php
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Validity of Micro-Data Loggers to Determine Walking Activity of Turkeys and Effects on Turkey Gait
	Introduction
	Materials and Methods
	Ethics Statement
	Experimental Procedures
	Statistical Analysis
	Effects of Treatment and Age on Turkey Health, Body Condition and Gait
	Validity and Reliability of Accelerometers


	Results
	Treatment and Age Effects on Turkey Health Status and Body Condition
	Treatment and Age Effects on Turkey Gait
	Tekscan Measures Calculated Using Both Limbs

	Accelerometer Reliability and Validity

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


