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Abstract

I was evaluated the effect of seven different combinations of temperature, air velocity, and relative air humidity on the frequency
and duration of eating, drinking, resting, cannibalism, dust bathing, scratching, ground pecking, shivering, and stretching
behaviors of turkeys at three different ages. The combinations tested of temperature, relative air humidity, and air velocity were,
respectively: 1 (22 °C, 50%, 1 m/s); 2 (26.2 °C, 73.2%, 0.45 m/s); 3 (26.6 °C, 71.2%, 1 m/s); 4 (28.9 °C, 72%, 1.4 m/s); 5 (31.1
°C, 85%, 0.45 m/s); 6 (34.1 °C, 82.1%, 1 m/s); and 7 (34.4 °C, 82.1%, 1.4 m/s) for three ages of birds (61, 96, and 131 days of
age). Seven birds were housed per pen, at a density of 3 males/m?, totaling 147 birds in the entire experiment. Each combination
was applied for 5 days. The data were analyzed considering the number of times the bird performed the behavior and the time it
performed (in seconds). Each pen was considered a repetition. A comparison of the medians was used to compare the treatments
by each age. The results showed that young birds were more likely to suffer from the combination of low temperature and high air
velocity, reducing their frequency of normal behaviors. Increased humidity at a low temperature raised the frequency of
scratching, shivering, and cannibalism behaviors leading to poorer bird welfare. It is recommended that the temperature, relative
air humidity, and air velocity combination of 26.6 °C; 71.2%; and 1 m/s, respectively, for young birds, and 22 °C; 50%; and 1
m/s, respectively, for older birds should be used.

Keywords Poultry farming - Caloric stress - Ethology - Thermal sensation

Hypothesis

- It is possible to define which temperature, velocity, and relative air
humidity combinations are better for each of turkeys’ ages

- Turkeys are sensitive to climatic environmental changes

- Animal welfare is associated with environmental comfort in turkeys
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Introduction

There is a great need for improvements in understanding the
factors that influence the welfare of turkeys, not only due to the
increase in public demand for guaranteed sustainable production
systems that fosters management practices and consider wellbeing
but also because this information is necessary to reduce the losses
due to the low performance of the birds (Marchewka et al. 2013).

It is known that susceptibility to stress is one of the major
problems in modern poultry farming, and some management
practices end up causing chronic stress in birds that are housed
under high density environments (Cheng et al. 2002). The
stress caused by the intensification of production can lead to
physiological changes (Wein et al. 2017) and behavioral
changes (O’Connor et al. 2011).

Stress occurs when the animals’ environment causes changes
in body homeostasis, causing the organism to produce physio-
logical responses aiming to reestablish this homeostasis
(Mumma et al. 2006). When under heat stress, for example, birds
seek to maintain their homeostasis through behavioral changes
such as decreased locomotor activity, holding their wings away
from their body, and increased respiration (Mack et al. 2011).

Considering social behavior, it is suggestive that the fre-
quency and intensity of aggressive interactions, total social
cohesion, and the extent of social vices can be used to assess
well-being. In a previous study, it was found that feathered
peccary (non-aggressive, aggressive without feather removal,
and feather removal) was one of the main problems related to
welfare in commercial turkey production (Marchewka et al.
2015). Aggressiveness and cannibalism within batches are
consequences of the inadequate management of animals and
factors such as low thermal comfort, illuminance, genetics,
group size, and nutrition may influence the abnormal behavior
of the animals (Gustafson et al. 2007).

The temperature and humidity are some of the physical
factors that most influence bird performance, especially in
feed efficiency and weight gain (Khan et al. 2011). The ele-
vation of temperature and environmental humidity raise the
body temperature of the birds, resulting in a reduction in food
intake, growth rate, feed efficiency, and bird quality, accom-
panied by an increase in the mortality rate (Kucuk et al. 2003;
Khan et al. 2011). Thus, the objective of this study was to
evaluate the impact of the thermal environment (temperature,
velocity, and relative air humidity) on the frequency and du-
ration of the following typical commercial bird behaviors:
eating, drinking, resting, cannibalism, scratching, ground
pecking, shivering, and stretching.

Materials and methods

This study was carried out in the climatic chamber of the
Laboratory of Thermal Comfort of the Faculty of
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Agricultural Engineering at UNICAMP. The climatic cham-
ber used was built in masonry, with double walls and ceilings,
and filled with expanded polyurethane for thermal insulation.
It has dimensions of 5 m in length, 4 m in width, and 3 m in
height, with a white tile interior and black rubber floor.

The control of temperature and relative humidity was elec-
tronic; the internal environment could be cooled to 5 °C and
heat up to a temperature of 40 °C. The cooling of the environ-
ment was performed using an evaporator installed inside the
climatic chamber (Serraf Model). The heating was performed
using resistors installed behind the evaporator fans.

Temperature (T) and relative humidity (RH) control was
computerized and pre-set by a specific software to program
the desired T and RH levels. The air velocity control was
performed manually, after a preliminary evaluation of the air-
flow into the chamber by the fans installed in it.

A total of seven combinations of ambient temperature (T),
relative humidity (RH), and air velocity (Av), respectively,
were evaluated: 1 (22 °C, 50%, 1 m/s); 2 (26.2 °C, 73.2%,
0.45 m/s); 3 (26.6 °C, 71.2%, 1 m/s); 4 (28.9 °C, 72%, 1.4
m/s); 5 (31.1 ° C, 85%, 0.45 m/s); 6 (34.1 °C, 82.1%, 1 m/s);
and 7 (34.4 °C, 82.1%, 1.4 m/s) and birds aging 61, 96, and
131 days were used. Birds from a commercial integrator from
Uberlandia (MG) were housed in pens at a density of 3 males/
m? (final density of 37,5 kg/mz), with each pen carrying 7
birds, each combination held three experimental units. A total
of 147 birds were used during the whole experimental period.
Each combination was applied for 5 days.

Before the beginning of the experimental period, the birds
were subjected to T, RH, and Av thermoneutral conditions (22
°C, 50% and 0.5 m/s, respectively) for a period of 2 days, with
the aim to minimize the stress of transporting the camera and
changing between one climatic condition and another. Food
and water were supplied ad libitum. In order to measure the T,
RH, and Av, a Pacer® portable hygrothermometer was used.
The measurements were taken in the center of the climatic
chamber at 08:00 daily.

To monitor behavior of turkeys, video cameras with 2.45-
mm lenses were installed inside the climatic chamber to ob-
serve the behavior of the birds without human interference.
The methodology of data collection of animal behavior is
proposed by (Marchant et al. 2001). Ten continuous minutes
were monitored daily for each pen (each age), at two distinct
times of the day, totaling 20 min daily per animal, and each
bird was considered a repetition. The following behaviors
were evaluated in commercial poultry: eating, drinking, rest-
ing, cannibalism, dust bathing, scratching, tickling, shivering,
and stretching, according to the methodology proposed by
Pereira et al. (2007).

The data generated were analyzed as total frequencies for
observed behaviors and total time, regarding the duration (in
seconds) of displayed behaviors. The data was analyzed
through the medians + 95% confidence interval since the data
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did not present a normal distribution. In addition, the analysis
of the means would not represent the actual observed behavior
of the birds since the absence of a behavior was counted as
zero. Medians were analyzed by the Kruskal-Wallis test (P <
0.05), when significance was observed the medians were com-
pared by Dwass, Steel, Critchlow-Fligner Method, through
statistical software SAS (University Edition 2.7 9.4 M5)
(SAS, 1996) through the procedure PROC NPARIWAY.
The analyses were performed by separating the ages.

Results
Table 1 shows the values of the medians + 95% confidence

interval for the percentage of time the bird performed the
evaluated behaviors. It was observed that the birds of 61 days

of age did not perform behavior of eating when under combi-
nation 1, 4, and 5 being the lowest medians observed, differ-
ing from the combinations 2 and 3 where the birds presented
higher frequency of this behavior.

Birds under combination 1 did not perform drinking
behavior, which differed from combinations 6 and 7,
and the drinking behavior for combinations 3, 4, and 5
differed from that of combination 6. There was an in-
crease on the duration for resting behavior of the birds
under combination 1, in relation to those under combina-
tions 2 and 3. The higher median for cannibalism behav-
ior was observed under combination 2, differing from
combination 1. The birds under combination 1 have
higher median for scratching behavior than the ones under
combination 6. For the rest of the variables there were not
observed effects of the treatments at 61 days of age. The

Table 1 Medians £95% (confidence interval) of the number of times that the bird displayed the evaluated behaviors

Age Variable N Coml Com?2 Com3 Com4 Com5 Com6 Com7

61  Eating 7 00+£0.0 C* 40+20 AB 40+29 A 00+08 C 00+09 C 00+04 C 1.0+13 BC
61  Drinking 7 00+£00 C 00+1.1 ABC 00+0.6 BC 1.0+0.5 BC 0.0+0.8 BC 25+14 A 20+0.8 AB
61  Resting 7 20+08 A 1.0+03 C 1.0+£04 BC 20+0.6 ABC 1.0+0.5 ABC 2.0+05 ABC 2.0+0.8 AB
61  Cannibalism 7 00+03 B 00+18 A 1.0+1.1 AB 00+1.0 AB 00+05 AB 0.0+06 AB 00+05 AB
61 Dustbathing™ 7 0.0+1.4 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.9 0.0+0.0 0.0+0.0

61  Scratching 7 20£29 A 30+x12 AB 30+27 AB 15+1.1 AB 25+1.1 AB 00+£05 B 1.0+0.7 AB
61  Pecking litter ™ 7 0.0 +0.0 0.50 £ 0.6 1.0+£0.9 1.0+£1.0 1.0+£13 20+14 1.0+£0.7

61  Shivering 7 00+£00 B 00+04 A 00+02 AB 00+02 AB 0.0+00 B 00+0.0 B 00+0.0 B
61  Stretching ™ 7 0.0=£0.0 0.0+0.3 0.0+0.6 0.0+0.5 1.0+04 0.0+0.2 0.0+0.3

96  Eating 7 1.0+£08 B 7.0+46 A 1.0+15 B 00+22 B 1.0+1.1 B 00+0.8 B 1.0+27 B
96  Drinking ™ 7 1.0+£0.5 0.0+0.9 0.0+0.4 0.0£0.2 0.0£0.5 0.0£0.9 1.0£0.8

96  Resting 7 20+£07 A 05+05 B 1.0+£04 B 10+05 AB 1.0+04 AB 1.0+07 AB 1.50+08 AB
96  Cannibalism 7 00+£03 B 30+25 A 00+05 B 00+05 B 00+0.8 B 00+0.7 B 00+04 B
96  Dust bathing™ 7 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.2 00+03 0.0+0.0

96  Scratching 7 20+13 AB 3.0+47 A 20+13 AB 20+14 AB 1.0+0.8 AB 00+04 B 1.0+3.0 AB
96  Pecking litter ™ 7 2.5+1.0 1.5+£0.7 1519 0.0+0.7 0.0+1.0 00+1.2 20+1.2

96  Shivering ™ 7 00+£0.2 00+03 00+04 0.0+0.2 0.0+0.0 0.0+0.2 00+03

96  Stretching ™ 7 00+0.3 00+04 00+04 0.0+0.3 00+03 00+0.2 0.0+0.0

131 Eating 7 1.0+3.1 AB 45+44 A 20+23 AB 20+15 AB 0.0+£08 B 00+02 B 05+22 AB
131 Drinking ™ 7 00+0.5 0.0+1.1 05+1.1 0.0+1.0 0.0+0.6 00+04 0.0+0.9

131 Resting ™ 7 1.0+0.6 00+04 05+04 1.5+0.6 1.0+£03 1.0+0.7 1.0+£0.6

131 Cannibalism™ 7 0.0=+1.2 1.0+3.7 00+1.5 00+1.5 0.0+0.5 00+0.5 1.0+£19

131 Dust bathing 7 00+£05 A 00+00 B 00+0.0 B 00+0.0 B 00+0.0 B 00+0.0 B 00+0.0 B
131 Scratching 7 00+£04 B 50+20 A 20+13 AB 20+1.0 B 05+1.0 B 00+1.1 B 1.0+1.1 B
131 Pecking litter ™ 7 0.0 +£0.8 0.0+0.2 0.0+0.5 0.0+0.0 0.0+0.5 0.0+0.7 00+1.0

131 Shivering ™ 7 00+0.2 00+13 05+23 0.0+0.2 0.0+0.8 0.0+0.9 00+03

131 Stretching ™ 7 00+0.3 00+04 0.0+0.2 0.0+0.2 0.0+0.0 0.0+0.2 00+03

*Distinct uppercase letters in the same row differ significantly by Friedman’s test. ™ Non-significant. Combl 22 °C, 50%, 1 m/s; Comb2 26.2 °C,
73.2%, 0.45 m/s; Comb3 26.6 °C, 71.2%, 1 m/s; Comb4 28.9 °C, 72%, 1.4 m/s; Comb5 31.1 °C, 85%, 0.45 m/s; Comb6 34.1 °C, 82.1%, 1 m/s; and
Comb7 34.4 °C, 82.1%, 1.4 m/s
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highest median for shivering behavior was obtained under
combinations 1, 5, 6, and 7 in relation to combination 2.

At the age of 96 days, birds under combination 2 presented
higher median for eating behavior, differing from all the other
treatments. Birds under combination 1 presented higher median
for resting behavior, differing from combinations 2 and 3. For
cannibalism behavior, it was observed that birds submitted to
combination 2 have higher median than the birds under the other
treatments. Birds under combination 2 presented higher median
than birds under combination 6 for scratching behavior. For the
other behaviors, no statistical differences were observed.

For the birds at the age of 131 days, it was observed a
higher median for combination 2 in comparison to combina-
tions 5 and 6 for eating behavior. Birds under combination 1
presented higher median than all other treatments for dust
bathing behavior. Birds under combination 2 have higher me-
dian for scratching behavior than the ones under combinations
1,4, 5, 6, and 7. For the other behaviors, no statistical differ-
ences were observed.

Figures 1 and 2 show the total percentage of times that the
bird exhibited each behavior, separated by ages. Birds under
combination 2 show higher frequencies of eating, cannibalism
and shivering behaviors, regardless the age. Under combina-
tion 1, there are lower frequencies of eating and drinking be-
havior, with higher frequency of dust bathing for birds with 61
and 131 days old, as well as rest and bed ground pecking
behaviors. It was under combination 3 that the birds presented
most of the evaluated behaviors, except for dust bathing.

In Table 2 it is presented the medians with + 95% confi-
dence interval for the period in seconds of the behaviors
displayed. At 61 days of age birds under combination 1 have
higher median for drinking than under combination 2. Under
combination 2, birds have lower median for resting when
compared to combinations 1, 5, 6, and 7. It was also observed
significant difference between the medians of combinations 3
and 5, being higher for combination 5. Birds under combina-
tion 1 have higher median for scratching behavior than the
birds under combinations 6 and 7. For ground pecking, com-
bination 1 have higher median than combination 2. For the
other behaviors, no statistical differences were observed.

At the age of 96 days, it was observed an increase in the
median of combination 1, when compared with combinations
3,4, and 5, for drinking behavior. Birds under combination 2,
3, and 7 have lower medians than the birds under combina-
tions 5 and 6, for resting behavior. For cannibalism and dust
bathing behaviors, the medians under combination 2 are
higher than for combinations 1, 3,4, 5, 6, and 7. For scratching
behavior, combination 6 have higher median than combina-
tion 2. For the other behaviors, no statistical differences were
observed.

At the age of 131 days, birds under combinations 2 and 3
have lower medians than combinations 1 and 6, for resting
behavior. Combination 1 have higher median than combina-
tion 2 for scratching behavior. For the other behaviors, no
statistical differences were observed among the combinations
tested.
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Treatments: Combl: 22 °C, 50%, 1 m/s; Comb2: 26.2 °C, 73.2%, 0.45 m/s; Comb3: 26.6 °C, 71.2%, 1 m/s; Comb4: 28.9 °C, 72%. 1.4
m/s; Comb3: 31.1 °C, 85%, 0.45 m/s; Comb6: 34.1 °C, 82.1%, 1 m/s; Comb7: 34.4 °C, 82.1%, 1.4 m/s.

Fig. 1 Total frequency of the displayed behaviors of eating, drinking, resting, and cannibalism, expressed in percentage
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Fig. 2 Total frequency of the displayed behaviors of dust bathing, scratching, pecking litter, shivering, and stretching, expressed in percentage

Figures 3 and 4 show total percentage of time of each
behavior displayed, by age and for each combination. Birds
at the age of 61 days did not present the behaviors of eating
and drinking when submitted to combination 1. Birds under
combination 2 spend more time dust bathing at the ages of 61
and 96 days; however, for the age of 131 days, this behavior
was exclusively observed in birds under combination 1.
Cannibalism was more frequent for older birds when submit-
ted to combination 2. Birds under combination 3 have
displayed more shivering behavior than all other combination.
For the other behaviors, no statistical differences were
observed.

Discussion

Behaviors such as running freely, ground pecking, scratching,
flapping wings, grooming plumage, resting, and sleeping
without being disturbed are signs of comfort and well-being
for modern farmed birds (Bergmann et al. 2017). It can be
observed that broilers raised in the free-range system spend
approximately 60% of their time outdoors walking,
scratching, dust bathing in sand, and pecking at the soil
(Dawkins et al. 2003). Dawkins et al. (2003) reported that in
conditions of thermal discomfort (high T and RH) the birds
decrease the behaviors representative of well-being.

For turkeys, an increase in temperature and humidity leads
to an increase in internal temperature, which is more pro-
nounced in males than in females (Vermette et al. 2017).
Consequently, we observed that older birds had a higher food

intake when they were under combination 2 (T 26.2 °C, RH
79.2%, and Av 0.45 m/s) (Fig. 1), but with the increase in
temperature and humidity in combinations 5, 6, and 7, food
intake reduced.

For the younger, 61-day-old turkeys, combination 1 was
detrimental because it inhibited food and water consumption
as a result of the low temperature associated with high air
velocity, which led to stress for the birds. It is known that in
the initial phase of thermal stress, the postganglionic neurons
and the medullary tissue of the adrenal glands release cate-
cholamines, which are responsible for triggering the rapid
release of glucose to maintain body homeostasis if the bird
cannot (Puron et al. 1994; Khan et al. 2011).

Therefore, it is important to point out that for young birds,
the combined use of low temperature and an air velocity of 1
m/s or higher is not recommended, as it will inhibit the con-
sumption of food and water. It is known that the combination
of high-velocity, low-temperature air can induce cooling of
the bird’s body, which requires more energy for temperature
maintenance, thus impairing performance and development,
and compromising animal welfare. For birds aged 96 days, the
combination 1 increased resting frequency possibly resulted
from discomfort due to the association between T and Av.

In an experiment to test the effect of the association be-
tween temperature and air velocity, Yahav et al. (2008) tested
the performance of young turkeys exposed at temperatures of
25, 30, and 35 °C, with air velocities of 0.8, 1.5, 2.0, and 2.5
m/s. The authors observed that birds exposed to 35 °C showed
better food intake with an air velocity of 2.0 m/s and a lower
body temperature than under higher temperatures. At 30 °C,

@ Springer



Trop Anim Health Prod (2020) 52:2855-2862

2860

S/W T “%1°T8 Do ¥'HE LQUIOD PUR SS/W T “951°T8 Do 1€ 9QUIOD S/W S0 ‘%S8 Do 1°1€ SQUIOD S/W ' “%TL ‘Do 6'8T
PQUOD) SS/W [ “%T TL ‘Do 9797 €U0 S/WL S0 ‘BT €L Do TYT TQWOD) S/W | “%0S ‘Do TT 1qUOD) JURIYIUTIS-UON] , ‘SIA[SWAY) Fuowre AJuedjIuSIs IQJJIP MOI dwes ) Ul s19139] asearaddn jounsi(,,

L0OF00 S0F00 00F00 €0F00 €0F00 I'T¥00 60F00 L s SUIYOKODS  TE]

L6F00 68F00 S8F00 TIF00 LSTFST ITF00 €0F00 L su SUMOAIYS €]

LY1F00 ¥'8F 00 €9F00 00F00 €SF00 I'I¥F00 €91FO00 L oOW[SuBPad €]

av gCCFsIe  av I'81F00 4V 6 €I F00I av 98y F0'11  4dv 9CCFSLI V.  9¢eFSCS d 61F00 L Sumyorens ¢l
00F00 00F00 00F00 00F00 00F00 00F00 €ITFO0 L o oumpeqisng €1

PeFSE 8TF00 I'TF00 6YF00 09F00 8ECIFS¢ I'vyF00 L o WSHEQIUUED [T

v S0I1 F569 vV CTPIIFO000¢ dV  OICIFS08I av 68 F S6lC dq 618 F 0TI < 916 F0°0 v 0c6F00Pe L Sunsey €1
TSEFO00 I'LF00 I'S¥00 9€CF00 0OTTF0¢ 91 F00 y6¥00 L o SUDULA €T

L F0T TEFO00 961 F00 Ley FS¢eh 899 F 061 8'LYFSEY 6CSFSL L o SUDBT €T

00F00 TOF00 90F00 L0OF00 60F00 L0F00 SOF00 L su SUIOIONS 96

80F00 TOF00 00F00 F1F00 €CF00 S0F00 CoF00 L su SULAIYS 96

OV F ST I'8CF0°0 S6IF00 PEIF00 CELFSY 96F0'1 LYTFSSE L g tom Sunpad 96

qav ECELFSL d 80F00 4V TSTFS9 qav 0Ly 68 4V 6'€S F0'ST vV TeSFOVL  4v P8EFS6E L Suryorerog 96
d 00F00 d F1F00 d €0F00 d 00F00 q 00F00 v 691 FS9 q 00F00 L Surgeq 1snqq 96
d CTIF00 q TEFO00 d 98F00 d I'9F00 q I'TF00 vV 091F091 q S0OF00 L wisteqruue’y 96
g 8¢8F06Cl vV eVILFSCIS v 0T6 FOvhy av  TS6F00SC g vl Feel d LL9F0¢T 4av o6 F01¥C L Sunsoy 96
av T8FOY 4V €9F00 d TY¥00 d 9¢F00 q ST¥00 4av 001 F00 v VLIFS9 L Sunjuu 96
L1TFS0C LYEF 00 CTCFSHS 0y ¥0'0 TI9SFO06 8vy ¥ 08 CLEFOIL L su SUNEH 96
¥0F00 90F00 60F0S'T 80F00 I'0IF00 S0F00 yOF00 L su SUIYIIRIS 19

00F00 00F00 00F00 TOF00 S0F00 ¥0F00 00F00 L su SULOAIYS 19

qav yoOFO0SI dv 00€F0€cc 4dv 6'1EF ST av I81¥6C Qv 9TIF09 dq TLFSI v Yoy FSee L Tonr| Suryod 19
dq I'IIF68 dq LTFO0 4V L6TF00I av roc+091 4dv 90CF0€Cl dvV  €TEF 08I v 0ELFOVS L SunyoeIog 19
dq 00F00 q 00F00 q 0€EF00 00F00 q 00F 00 v S8IF00 d Ires00 L Surgreq IsnQq 19
9CF00 S6F00 LLF 00 I'e¥00 €8F0¢ €8F00 SLFOO0 L g WSHEqUUED 19

av 988 FSLsT  dVv SL6FOLLT v P86 FS€0E DAV ST8FSLOT  Dd P I8 F 0691 o) I'ELF0L 9V To6lIF0¢c0e L Supsoy 19
qav eVl FS9C 4dv LLeFSSsT  4dv 90€F00 qav 9¢CIFO0Il 4av 80LF00 vV LILFSTI d 00F00 L 5 SUD[ULI 19
CIEF 081 EYCF 00 SOTF00 6'8SF00 9TV F09¢C 9LTF S6C 00F00 L su SUTEH 19

LWOD gm0y guop PHoy gwoy cuop [woy N ojqete 03y

(9) 98eyusorad ur passardxo ‘s101ABY0q PAjENeAd oy} pake[dsip piiq o) Jey) dwn Ay} JO (JEAIIUI SOUIPYUOD) 94,66 F URIPIIN ¢ d|qel

pringer

Qs



Trop Anim Health Prod (2020) 52:2855-2862

2861

m Comb1 0 Comb2 @ Comb3 mComb4 @mComb5 = Comb6

100% e
i
90% "e0424
lo%%
RS
80% loZe%e
oled
70% K]
60% ]
(]
£ 50%
'_
40%
30%
20%
10%
o e N -
61 96 131 61 96 131 61 96 131 61 96 131
Eating Drinking Resting Camibalism
Activity/Age

Treatments: Combl: 22 °C, 50 %, 1 m/s; Comb2: 26.2 °C, 73.2 %, 0.45 m/s; Comb3: 26.6 °C, 71.2 %, 1 m's; Comb4d: 28.9 °C, 72 %, 1.4 m/s; Comb3: 31.1 °C
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Fig. 3 Total time of the displayed behaviors of eating, drinking, resting, and cannibalism, expressed in percentage

the birds’ performance deteriorated with a speed of 0.8 m/s,
but at 25 °C, the air velocity did not influence performance.
An important finding in the present study was the increase
in cannibal behavior when the birds were subjected to combi-
nations 2 and 5. It is believed that the increase in humidity
associated with low air velocity in these combinations influ-
enced this behavior more than the elevation in temperature.
Another explanation might be the increase in the percentage of
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time the birds performed shivering and scratching behaviors,
since an increase in these activities can damage the skin. In
addition, the act of scratching or ground pecking may cause
problems for feathers, and the increase in pecked feathers may
be correlated with increased cannibalism (Mcadie and Keeling
2000; Cronin et al. 2018).

The older birds of 131 days of age subjected to combina-
tion 1 had a frequency of 100% for dust bathing behavior.
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85 %, 0.43 m/s; Comb6: 34.1 °C, 82.1 %, 1 m/s; and Comb7: 34.4 °C, 82.1 %, 1.4 m/s.

Fig. 4 Total time of the displayed behaviors of dust bathing, scratching, pecking litter, shivering, and stretching, expressed in percentage
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According to Sherwin and Kelland (1998), the main differ-
ences in the behavior of turkeys compared with other bird
species are related to the absence of dust baths or soil
scratches, which are commonly observed in broiler chickens
or laying hens. Therefore, combination 1 for older birds may
enable an unusual behavior.

Conclusion

In conclusion, young birds are more likely to suffer from the
combination of low temperature and high air velocity and
reduce their frequency of normal activities. Increasing humid-
ity at low temperatures increases the frequency of scratching,
shivering, and cannibalism behaviors leading to poorer bird
welfare. For young birds, the T, RH, and Av combination of
26.6 °C, 71.2%, and 1 m/s, respectively, and the combination
of 22 °C, 50%, and 1 m/s, respectively, for older birds is
recommended.

Acknowledgement The authors would like to thank the Fundagdo
Araucéria for the scholarship granted to the third author.

Funding information Author Isadora Bischoff Nunes received a research
grant from Fundagdo Araucéria.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

Bergmann, S., Schwarzer, A., Wilutzky, K., Louton, H., Bachmesier, J.,
Schimidt, P. Erhard, M. Rauch, E., 2017. Behavior as welfare indi-
cator for the rearing of broilers in an enriched husbandry environ-
ment - a field study. Journal of Veterinary Behavior: Clinical
Applications and Research, 19, 90-101

Cheng, H. W.; Singleton, P.; Muir, W. M., 2002. Social stress in laying
hens: differential dopamine and corticosterone responses after
intermingling different genetic strains of chickens. Breeding and
Genetics, 81(9), 1265-1272

Cronin, G. M., Hpcroft, R.L., Groves, P.J., Hall, E.J.S., Phalen, D.N.,
Hemsworth, P.H., 2018. Why did severe feather pecking and can-
nibalism outbreaks occur? An unintended case study while investi-
gating the effects of forage and stress on pullets during rearing.
Poultry Science, 97(5), 1484-1502

Dawkins, M. S., Cook, P.A., Whittingham, M.J., Mansell, K.A., Harper,
A.E., 2003. What makes flee-range broiler chickens range? In situ
measurement of habitat preference. Animal Behaviour, 66(1), 151—
160

Gustafson, L.A., Cheng, H.W., Garner, J. P., Pajor, E.A., Mencha, J.A.,
2007. Effects of bill-trimming Muscovy ducks on behavior, body

@ Springer

weight gain, and bill morphopathology. Applied Animal Behaviour
Science, 103(1-2), 59-74

Khan R.U., Naz, S., Nikousefat, Z., Tufarelli, V., Javdani, M., Rana, N.,
Laudadio, V., 2011. Effect of vitamin E in heat-stressed poultry.
World’s Poultry Science Journal, 67(3), 469-478

Kucuk, O., Sahin, N., Sahin, K., 2003. Supplemental zinc and vitamin A
can alleviate negative effects of heat stress in broiler chickens.
Biological trace element research, 94(3), 225-235

Mack, L.A., Felver-Gant, J.N., Dennis, R.L., Cheng, H.W., 2011.
Genetic variation alter production and behavioral responses follow-
ing heat stress in laying hens in two strains of laying hen. Poultry
Science, 92(2), 285-94

Marchant, J.A., Andersen, H.J., Onyango, C.M., 2001. Evaluation of an
imaging sensor for detecting vegetation using different waveband
combinations, Computers and Eletronics in Agricuture, 32, 101-117

Marchewka, J., Watanabe, T.T., Estevez, 1., 2013. Review of the social
and environmental factors affecting the behavior and welfare of
turkeys (Meleagris gallopavo). Poultry Science, 92(6), 1467-1473

Marchewka, J., Estevez, 1., Vezzoli, G., Ferrante, V., Makagon, M.M.,
2015. The transect method: a novel approach to on-farm welfare
assessment of commercial turkeys. Poultry Science, 94(1), 7-16

Mcadie, T. M., Keeling, L. J., 2000. Effect of manipulating feathers of
laying hens on the incidence of feather pecking and cannibalism.
Applied Animal Behaviour Science, 68(3), 215-229

Mumma, J.O., Thanxton, J.P., Vizzier-Thaxton, Y., Dodson, W.L., 2006.
Physiological stress in laying hens. Poultry science, 85(4), 761-769

O’Connor, E.A., Parker, M.O., Davey, E.L., Grist, H., Owen, R.C.,
Szladovits, B., Demmers, T.G., Wathes, C.M., Abeyesinghe, S.M.,
2011. Effect of low light and high noise on behavioural activity,
physiological indicators of stress and production in laying hens.
British Poultry Science, 52(6), 666674

Pereira, D.F., Néais, I.A., Romanini, C.E.B., Salgado, D.D., Pereira,
G.0O.T., 2007. Broiler breeder behavior and egg production as func-
tion of environmental temperature. Brazilian Journal of Poultry
Science, 9(1), 9-16.

Puron, D., Santamaria, R., Segura, J.C., 1994. Effects of sodium bicar-
bonate, acetylsalicylic, and ascorbic acid on broiler performance in a
tropical environment. The Journal of Applied Poultry Research,
3(2), 141-145

SAS. 1996. SAS/STAT Software: changes and enhancements through
release 6.11. SAS Inst. Inc., Cary, NC

Sherwin, C.M., Kelland, A., 1998. Time-budgets, comfort behaviours
and injurious pecking of turkeys housed in pairs. British Poultry
Science, 39(3), 325-332

Vermette, C.J., Henrikson, Z.A., Schwean-Lardner, K.V., Crowe, T.G.,
2017. Influence of hot exposure on 12-week-old Turkey hen phys-
iology, welfare, and meat quality and 16-week-old Turkey tom core
body temperature when crated at transport density. Poultry Science,
96(11), 3836-3843

Wein, Y., Geva, Z., Bar-Shira, E., Friedman, A., 2017. Transport-related
stress and its resolution in Turkey pullets: activation of a pro-
inflammatory response in peripheral blood leukocytes. Poultry
Science, 96(8), 2601-2613

Yahav, S., Rusal, M., Shinder, D., 2008. The effect of ventilation on
performance body and surface temperature of young turkeys.
Poultry Science, 87(1), 133—137

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.



