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ABSTRACT Current commercial strains of broiler
breeders can only achieve an optimal reproductive per-
formance under feed restriction. However, chronic feed
restriction in broiler breeders is a welfare concern
because of physiological and behavioral signs of hunger,
lack of satiety, and frustrated feeding motivation. The
objective of this research was to assess the welfare and
performance of slower growing broiler breeders during
rearing. A total of 360 broiler breeder chicks from 3
female strains (100 chicks per strain) and 2 male strains
(20 and 40 chicks per strain) were raised in four identical
pens per strain. Strain B and C pullets and X cockerels
were slower growing strains, and strain A pullets and Y
cockerels were intermediate growing strains. Birds were
weighed and scored individually for footpad lesions,
hock burns and feather coverage. Data were analyzed
using generalized linear mixed models with pen nested in
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the models and age as a repeated measure. Compared to
B and C pullets, strain A pullets grew faster, had poorer
body weight uniformity, and started feed restriction
2 wk earlier to control growth rate. Strain A pullets also
had higher feeding rate at 3 and 5 wk, higher water
intake at 4 and 5 wk, and higher prevalence of footpad
lesions at 6 wk than the other pullet strains. Fault bars
in wing feathers (an indicator of chronic stress) were
more numerous in A pullets than in B and C pullets.
Our results indicate that pullets showed little feather
coverage loss during early rearing and had good body
weight uniformity and low cumulative feed intake at the
end of rearing. Slower growing broiler breeders may still
require some degree of feed restriction to control growth
rate, and strains with lower feed restriction exhibited
lower signs of feeding frustration and high body weight
uniformity.
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INTRODUCTION

Selection for fast growing broiler chickens has resulted
in poor reproductive performance due to obesity-related
problems (Savory et al., 1993; Hocking et al., 2001;
Chen et al., 2006). Feed restriction is a common on-farm
practice to achieve optimal reproductive performance in
broiler breeders (de Jong and Gu�emen�e, 2011;
Tolkamp and D’Eath, 2016) but raises welfare concerns
because broiler breeders show physiological and behav-
ioral signs of hunger, lack of satiety, and feeding frustra-
tion (D’Eath et al., 2009). These indicators include signs
of distress and poor welfare such as elevated plasma cor-
ticosterone concentration (Savory et al., 1996; de Jong
et al., 2003), high heterophil to lymphocyte ratio
(Savory et al., 1996), basophilia (Arrazola et al., 2019),
fault bars in plumage (Arrazola et al., 2019, 2020b), and
the performance of abnormal repetitive behavior
(Morrissey et al., 2014b; Arrazola et al., 2020a), severe
feather pecking (Girard et al., 2017a), and overdrinking
(Sandilands et al., 2005). Consequently, broiler breeders
develop poor feather coverage and have high water
usage during rearing (Sandilands et al., 2006;
Morrissey et al., 2014a; van Emous et al., 2015), result-
ing in high litter moisture and pododermatitis
(Arrazola et al., 2019). Therefore, the feeding manage-
ment of conventional broiler breeders has raised welfare
and sustainability concerns.
Much attention has been focused on developing alter-

native feeding strategies that reduce the feeding motiva-
tion of feed-restricted conventional broiler breeders
(de Jong et al., 2005; Nielsen et al., 2011; Arrazola et al.,
2019; Aranibar et al., 2020; Tahamtani et al., 2020).
However, these feeding strategies do not eliminate signs
of chronic hunger (Sandilands et al., 2005 and 2006;
Morrissey et al., 2014a,b; Arrazola et al., 2019, 2020b)
and can raise additional ethical concerns in the case of
non-daily feeding schedules (Lindholm et al., 2018).
Using slow growing strains can reduce or remove the
need for feed restriction in broiler breeder production
(Heck et al., 2004; Dawkins and Layton, 2012). There is
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growing interest in the production of slower growing
strains of broiler chickens to improve their welfare and
welfare outcomes (Dou et al., 2009; Dixon, 2020), which
necessitates the use of slower growing broiler breeder
strains. Alternative broiler breeder strains have a slower
growth rate and require lower levels of feed restriction
than conventional broiler breeder strains to achieve an
optimal reproductive performance (Heck et al., 2004;
Jones et al., 2004). From a welfare perspective, slower
growing broiler breeders are expected show fewer signs
of hunger, lack of satiety, and feeding frustration than
conventional strains (de Jong et al., 2003). From the
production perspective, commercial breeder guidelines
for slower growing broiler breeders suggest that these
strains require lower feed allotment and achieve higher
hatching egg production than conventional strains
(Aviagen, 2018; Hubbard, 2019; Sasso 2019). Using
slower growing strains of broiler breeders may alleviate
welfare concerns and lead to a more efficient and sustain-
able production system. Yet, little is known about the
performance and welfare of slower growing broiler
breeders. Thus, the objective of this study was to assess
the welfare and performance outcomes of slower growing
strains (2 slower growing strains and an intermediate
growing strain of females, and 2 strains of males) of
broiler breeders during rearing. Slower growing broiler
breeder strains are hypothesized to show signs of
improved welfare and performance while staying within
target growth curves.
MATERIALS AND METHODS

All procedures used in this experiment were approved
by the University of Guelph’s Animal Care Committee
(AUP # 3746) and were in accordance with the guide-
lines outlined by the Canadian Council for Animal Care
(NFACC, 2016).
Experimental Design, Housing, and
Management

A total of 360 broiler breeders from 5 strains of slower
growing broiler breeders (3 female strains and 2 male
strains) were raised at the research station of the Univer-
sity of Guelph from August 2018 to January 2019. Three
female strains and 2 male strains were donated courtesy
of an anonymous breeding company at 1 d of age. Birds
were imported from Europe, via an approximate 8-h
flight, 4-h lairage, and 1-h truck transport. Female
strains were strain A (100 chicks), strain B (100 chicks)
and strain C (100 chicks), and male strains were strain
X (20 chicks) and strain Y (40 chicks). According to
breeder guidelines, strain B and C pullets, and strain X
cockerels were slow growing strains, and strain A pullets
and strain Y cockerels were intermediate growing
strains. In this experiment, strain A pullets and strain Y
cockerels were considered the closest strains to conven-
tional broiler breeders. The 5 strains were raised inde-
pendently in 4 identical pens per strain (except for
strain X cockerels with only 2 pens) during rearing.
Each strain was raised under the same housing and man-
agement conditions, and feed management followed spe-
cific growth curves per strain.
Chicks were vaccinated against Marek’s disease, coc-

cidiosis, and infectious bronchitis at the hatchery based
on local recommendations and the health program of the
research facility. Beaks of females and males were left
intact, and males received toe trimming at the hatchery.
Chicks were placed in one double floor pen per strain
(1.63 m wide £ 1.22 m deep £ 0.82 m height) upon
arrival. Each pen was equipped with one round feeder
(60 cm diameter), one 3-gallon hanging waterer (4 nip-
ples; Farm Tuff, ON, Canada), and 2 heat mats (60 cm
deep £ 120 cm length; Kane MFG, IA). Heat mats were
placed under softwood shavings. At 13 days old, chicks
were moved to 4 identical floor pens per strain (0.82 m
wide £ 1.22 m deep £ 0.82 m height) with 25 chicks per
female pen and 10 chicks per male pen (except for strain
X cockerels with only 2 pens). Pens had softwood shav-
ings for bedding (at least 5 cm deep) and were equipped
with one round feeder and one hanging waterer per pen.
Chicks were reared in 2 rooms, and all the strains were
represented in each room during early rearing (from 0 to
9 wk of age). Pullets and cockerels remained in this facil-
ity until 9 wk of age. At 10 wk of age, they were moved
to another building where they were placed in four floor
pens (25 pullets per pen and 10 cockerels per pen) per
strain (except for strain X cockerels with only 2 pens).
Pullets and cockerels were raised in separate rooms from
10 to 21 wk of age for independent light control. Floor
pens were 2.36 m wide £ 1.83 m deep (female pens: 5.8
pullets/m2, and male pens: 2.3 cockerels/m2) with soft-
wood shavings and mineral PECKstones (Protekta,
Inc., Lucknow, ON, Canada). Female pens were
equipped with one trough feeder (13 cm wide £ 152 cm
long £ 5 cm deep, 12.2 cm/pullet) and one drinker line
(7 nipples, 1 nipple per 3.6 pullets), and male pens were
equipped with one round feeder (15 cm/cockerel) and
one drinker line (7 nipples, 1 nipple per 0.7 cockerels).
Pens were managed according to breeding company

guidelines, and conditions were the same for all strains
except for strain-specific feed allotment (see results for
further detail). The room temperature was set at 32°C
at placement and gradually decreased to 21°C by 6 wk
of age. The light program started at 60 lux for 22L:2D at
placement, and the photoperiod and light intensity
gradually decreased to 10 lux for 8L:16D by 8 d of age.
At 20 wk of age, light intensity increased to 30 lux at
10L:14D. Lights came on at 0900 h, and birds were fed
approximately 30 min later. Pullets and cockerels were
fed daily following a commercial feeding program with
3-stage diets during rearing (Bio-Plus Broiler Breeder
starter, developer, and transition diets; Floradale, ON,
Canada). Chicks were fed ad libitum until 2 wk of age
for males and strain A females, and until 4 wk of age for
strain B and C females. Then, the feed allotment of each
strain was calculated to follow specific growth curves for
each strain. Water was provided ad libitum throughout
rearing. Birds were checked twice per day, and mortality
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was recoded as it occurred. Pullets and cockerels were
vaccinated against infectious laryngotracheitis at 9 wk
of age, and against Newcastle disease and infectious
bronchitis at 12 wk of age.
Data Collection

Body Weight, Body Weight Uniformity, and Fle-
shing Chicks were weighed individually after feeding
every week from 1 to 9 wk of age and at 21 wk of age,
and in groups upon arrival and every week from 12 to 20
wk of age. Body weight uniformity is shown as the coeffi-
cient of variation (CV) and calculated weekly for each
pen (standard deviation of body weight by average body
weight). At 9 wk of age, pullets and cockerels were
scored for fleshing conformation using a 3-point scale.
Fleshing score 1 was defined as pronounced keel bone,
fleshing score 3 indicated that keel bone was imbedded
in breast muscle, and fleshing score 2 was intermediate.
Fleshing was assessed 5-cm away from the front of keel
bone using a square ruler.
Feed and Water Intake Feeder content was weighed at
the end of each week and every time feed was added.
Feeders were emptied at the end of the ad libitum feed-
ing period, and feed allotment was weighed every day
for each pen and adjusted for mortality as it occurred
during feed restriction. Feed efficiency was calculated at
9 and 21 wk of age using the feed conversion ratio
(FCR) of each pen by dividing the average body weight
gain by the cumulative feed intake correspondingly for
each period. Waterers were weighed at the end of each
week and every time water was added until 9 wk of age.
The daily water intake per bird was calculated by sub-
tracting the initial waterer weight at the start of the
week (plus every time water was added into waterers)
minus the final waterer weight at the end of the week
and dividing by 7 and the number of birds per pen.
Health and Welfare Indicators Birds were scored indi-
vidually for footpad lesions and hock burns and feather
coverage after being weighed during early rearing (every
week from 1 to 9 wk of age). Birds were assessed for foot-
pad lesions and hock burns according to the 5-point scor-
ing system in Table 1. Feather coverage was scored using
a 6-point scoring system for each given body area (score 0:
no visible feather or skin damage; score 1: less than 10%
feather damage or loss; score 2: between 10 and 50%
Table 1. Scoring system for footpad lesions and hock burns based on
for broiler breeders1.

Score Footpad lesions2

0 No visible
1 Lesion affected less than 25% of surface area without ulceration.
2 Lesion affected equal to or more than 25% of surface area without ulcer
3 Lesion(s) affected less than 25% of surface area with ulceration, covere

bumble foot or swollen.
4 Lesion(s) affected equal to or more than 25% of surface area with ulcer

by crust or, bumble foot, or swollen.
1Modified from Dawkins et al. (2004) and Allain et al. (2009, 2013).
2Footpad and toe pad included in total surface area.
feather damage or loss; score 3: more than 50% feather
damage or loss; score 4: between 10 and 50% feather dam-
age or loss with skin lesion[s]; score 5: more than 50%
feather damage or loss with skin lesion[s]). Six body areas
were assessed including head, neck, back, vent, wing, and
tail. Scores from the 6 areas were summed together to
result in a total feather coverage score from 0 to 30, with
30 being the worst feather coverage condition
(Morrissey et al., 2014a; Arrazola et al., 2019).
Two wing feathers (P8, the third left and right of

outer wing feathers) were collected at 10 wk of age dur-
ing the juvenile-to-adult moult. Fault bars are translu-
cent lines perpendicular to the rachis of the feather
associated with stressful events during feather growth
(Jovani and Rohwer, 2017; Arrazola and Torrey, 2019),
and a researcher blind to strains counted the number of
fault bars in each feather.
Feeding motivation was estimated using a 20-min feed

intake test performed in the birds’ home pens at 3, 5, 7,
and 8 wk of age. At their regular feeding time, the feed
intake in 20 min after being fed was determined. Feeders
were weighed before and after the feed intake test, and
birds were weighed after the feed intake test. The rela-
tive feed intake to body weight was calculated by divid-
ing the feed intake during the test by body weight.
Statistical Analyses

The effect of the strain on the performance outcomes
and welfare indicators was analysed separately by sex
using generalized linear mixed models using SAS Ver. 9.4
(SAS Institute, Cary, NC). The degree of significance was
set for probability values (P) lower than 0.05 and ten-
dency for probability values equal to or lower than 0.10.
Strain, age, and their interaction were included as

fixed effects for each model. Room, pen, and pen location
within the room were included in the covariance struc-
ture as random effects with age as a repeated measure.
Pairwise comparisons between strains were adjusted for
multiple comparisons using the Tukey test. Model
assumptions were assessed using the scatterplot of stu-
dentized residuals for homoscedasticity, linear predictor
for linearity, and Shapiro-Wilk test for normality. Score
data (fleshing score, footpad dermatitis, and hock burns)
were analysed using the multinomial distribution.
the prevalence and severity of tissue damage using a 4-point scale

Hock burns

No visible
One hock burn affected less than 0.25 cm2.

ation. Two or more hock burns, the largest less than 0.25 cm2.
d by crust, or One hock burn equal to or larger than 0.25 cm2.

ation covered Two or more hock burns equal to or larger than 0.25 cm2.
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RESULTS

Mortality was below 2% for pullets and 6% for cocker-
els during the first week of age and 3% for pullets (strain
A: 6%, strain B: 1%, and strain C: 2%) and 0% for cock-
erels from 1 to 21 wk of age.
Body Weight, Body Weight Uniformity, and
Fleshing

The growth curve of pullets differed among strains
(Figure 1; F14,63 = 16.84, P < 0.001). Strain A pullets
grew faster than strain B (t9 = 10.58, P < 0.001) and C
pullets (t9 = 6.48, P = 0.001), resulting in strain A pul-
lets being heavier than strain B and C pullets at 9 and
21 wk of age (Table 2). The growth rate was higher for
strain B than C pullets from 1 to 9 wk of age (t9 = 4.10,
P = 0.007) but similar between both strains from 10 to
21 wk of age (Figure 1; t9 = 0.62, P = 0.81). Cockerel
strains followed similar growth curves throughout rear-
ing without differences between strains (early rearing:
Figure 1. The growth rate of slower growing broiler breeders
during rearing (mean § SE). Solid lines refer to two strains of cock-
erels (X in gray, and Y in black), and broken lines to three strains
of pullets (A in wide-dashed, B in dotted, and C in narrow-dashed).
The growth rate of the broiler breeder pullets varied among strains
over time (P < 0.01).

Table 2. The cumulative feed (FI) and water intake (WI) per bird, bo
ing broiler breeders by strain at 9 and 21 wk of age (mean § SE).

Pullets

Until wk 9 A B

BW (kg) 1.04 § 0.01a 0.99 § 0.01b

FI (kg/bird) 2.61 § 0.01a 2.60 § 0.01a

WI (l/bird) 6.37 § 0.08a 3.82 § 0.08c

FCR 2.46 § 0.03b 2.63 § 0.03a

Until wk 21:
BW (kg) 2.07 § 0.04a 1.83 § 0.04b

FI (kg/bird) 8.33 § 0.12a 7.70 § 0.12b

FCR 4.21 § 0.18 4.36 § 0.17
a-bDifferent letters indicate significant mean differences within a row for pull
y-zDifferent symbols refer to a tendency for mean difference within a row for
F7,28 = 0.59, P = 0.76; and late rearing: F6,24 = 0.91,
P = 0.51).
The CV of body weight differed significantly among

pullet strains depending on their age until 9 wk of age
(Figure 2; F14,63 = 3.34, P < 0.001) without differences
at 21 wk of age (F2,9 = 0.60, P = 0.57). The CV of body
weight increased for strain A pullets from 2 to 8 wk of
age (t63 = 3.93, P = 0.035) and was higher by 9 wk of
age for strain A pullets (10.2 § 1.0%) compared to strain
B pullets (5.9 § 1.0%; t14 = 3.06, P = 0.014). At 21 wk
of age, the CV of body weight was 7.9%, 8.3%, and 9.5%
for strain A, B, and C pullets, respectively. The CV of
body weight was similar between both strains of cocker-
els from 2 to 9 wk of age (Figure 2; F1,4 = 0, P = 0.98)
but differed at 21 wk of age (F1,4 = 8.57, P = 0.043). At
21 weeks of age, strain Y cockerels had higher CV of
body weight (12.8 § 0.8%) than strain X cockerels
(9.6 § 1.1%; t4 = 2.93, P = 0.043).
Table 3 summarized the frequency of fleshing scores at

9 wk of age. The frequency of score 3 (i.e., over-condi-
tioning/fleshing) was higher for cockerels than pullets,
dy weight (BW), and feed conversion ratio (FCR) of slower grow-

Cockerels

C X Y

0.99 § 0.01b 1.44 § 0.01 1.42 § 0.02
2.51 § 0.01b 3.28 § 0.01a 3.07 § 0.01b

4.45 § 0.08b 7.49 § 0.27 6.87 § 0.19
2.56 § 0.03a 2.16 § 0.01y 2.09 § 0.01z

1.84 § 0.02b 2.97 § 0.02z 3.06 § 0.02y

7.80 § 0.12b 10.20 § 0.19 10.06 § 0.12
4.34 § 0.17 3.53 § 0.07 3.37 § 0.05

et or cockerel strains.
pullet or cockerel strains.

Figure 2. The body weight uniformity of slower-growing broiler
breeders during early rearing (mean § SE). Solid lines refer to two
strains of cockerels (X in solid gray and Y in solid black), and broken
lines to three strains of pullets (A in wide-dashed, B in dotted, and C in
narrow-dashed). The CV of body weight for the broiler breeder pullets
fluctuated depending on the strain over time (P = 0.001).



Table 3. Frequency of fleshing scores in slow growing broiler
breeder pullets (F1,13 = 6.71, P = 0.019) and cockerels (F1,3 = 0,
P = 0.97) by strain at 9 wk of age.

Pullets Cockerels

Score1 A B C X Y

1 60.6% 59.2% 31.3% 5.0% 2.5%
2 39.4% 40.8% 68.7% 80.0% 87.5%
3 0.0% 0.0% 0.0% 15.0% 10.0%

1Score: 1 (pronounced keel bone), 2 (evident keel bone), and 3 (keel
bone embedded in breast muscle).

Figure 3. The daily intake of feed (A) and water (B) per bird by
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and none of the pullets scored 3 at 9 wk of age. Pullets
scored differently depending on their strain
(F1,13 = 6.71, P = 0.019) whereas both strains of cocker-
els scored similarly (F1,3 = 0, P = 0.97). Strain C pullets
scored higher than strain A (F1,8 = 10.74, P = 0.011)
and B pullets (F1,8 = 9.6, P = 0.014), and strain A and
B pullets scored similarly (Table 3; F1,8 = 0.03,
P = 0.87).

Feed and Water Intake

The daily feed intake per bird is illustrated in
Figure 3A, and the cumulative feed intake per bird is
summarized in Table 2. Feed restriction started at 2 wk
of age for strain A pullets and 2 wk later for strain B and
C pullets. Feed allotment increased weekly for all pullets
during feed restriction, but this increase was smaller for
strain C pullets compared to the other pullet strains
(Figure 3A). The cumulative feed intake per pullet until
9 wk of age was lower for strain C than for strain A
(t8 = 3.8, P = 0.012) and B pullets (t8 = 6.85, P <
0.001). At the end of rearing, the cumulative feed intake
per pullet was higher for strain A than for strain B
(t8 = 5.81, P < 0.001) and C pullets (t8 = 5.41,
P = 0.001). Both male strains started feed restriction at
2 wk of age, and weekly feed allotment was larger for
strain X cockerels compared to strain Y cockerels
(Figure 3A). The cumulative feed intake per cockerel
until 9 wk of age was lower for Y compared to X cocker-
els (t4 = 54.61, P < 0.001) without significant differences
until 21 wk of age (Table 2).

The daily water intake per bird is illustrated in
Figure 3B, and the cumulative water intake per bird is
summarized in Table 2. The strain of pullets affected the
daily water intake depending on the week of age
(F12,54 = 4.76, P < 0.001) without differences in daily
water intake between both strains of cockerels
(F6,24 = 1.04, P = 0.43). The daily water intake was sig-
nificantly higher for strain A pullets than for strain B pul-
lets from 2 to 8 wk of age and than for C pullets from 3 to
7 wk of age (Figure 3B). The cumulative water intake
was higher for strain A pullets than for B (t9 = 21.3, P <
0.001) and C pullets (t9 = 15.91, P < 0.001) and higher
for C than for B pullets (t9 = 5.39, P < 0.001).
strain of slower growing broiler breeder pullets and cockerels during
early rearing (mean § SE). Solid lines refer to two strains of cockerels
(X in gray and Y in black), and broken lines to three strains of pullets
(A in wide-dashed, B in dotted, and C in narrow-dashed). During early
rearing, the daily intake of feed and water per bird varied among broiler
breeder strains (P = 0.001).
Health and Welfare Indicators

The severity of footpad lesions and hock burns was
minor during early rearing (from 0 to 9 wk of age). The
prevalence of footpad lesions differed among strains of
pullets over time (F14,72=3.42, P < 0.001) without signif-
icant differences between strains of cockerels
(F7,28 = 1.23, P = 0.32). At 6 and 7 wk of age, the preva-
lence of footpad lesions was significantly higher in strain
A pullets (25 § 5%) than in strain B (2 § 5%) and C
pullets (9 § 5%). Overall, the prevalence of footpad
lesions was higher in cockerel strains (40%) than in pul-
lets (9%) from 6 to 9 wk of age. Hock burns were more
prevalent from 6 to 8 wk of age in cockerels, and the
average prevalence of hock burns was 4% for strain X
and Y cockerels without significant difference between
strains. All strains, pullets and cockerels, had near per-
fect feather coverage and no signs of skin lesions.
Figure 4 illustrates that the feed intake relative to

body weight during the feeding motivation test varied
among the strains of pullets over time during early rear-
ing (F6,27 = 12.57, P < 0.001). At 3 and 5 wk of age,



Figure 4. The feed intake of slower-growing broiler breeders on a
feed intake test during early rearing (mean § SE). Solid lines refer to
two strains of cockerels (X in gray and Y in black), and broken lines to
three strains of pullets (A in wide-dashed, B in dotted, and C in nar-
row-dashed). The relative feeding intake of slow-growing broiler
breeder pullets differed over time (P < 0.001) without significant differ-
ences between both cockerel strains.
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strain A pullets had significantly higher relative feed
intake than B and C pullets (Figure 4). The relative feed
intake was also higher in strain C pullets compared to
strain B pullets at 5 wk of age (t36 = 4.75, P = 0.003).
There was no difference in the relative feed intake of
cockerel strains during the feeding motivation test
(Figure 4; F3,12 = 0.50, P = 0.69).

The number of fault bars in the wing feathers differed
among the strains of pullets (F2,10 = 52.19, P < 0.001)
and cockerels (F1,8 = 8.96, P = 0.016). Strain A pullets
had a higher number of fault bars (4.6 § 0.4) than strain
B (0.1 § 0.2; t5 = 10.42, P < 0.001) and C pullets (0.6 §
0.2; t5 = 9.22, P < 0.001), and strain Y cockerels had
more fault bars (7.2 § 1.1) than strain X cockerels
(3.0 § 0.9; t8 = 2.99, P = 0.016).
DISCUSSION

Chronic feed restriction is a major welfare concern in
broiler breeder production (D’Eath et al., 2009; de Jong
and Gu�emen�e, 2011; Tolkamp and D’Eath, 2016), and
strategies to reduce the feeding motivation of conven-
tional broiler breeder strains are only modestly success-
ful (Arrazola et al., 2019, 2020b; Aranibar et al., 2020;
Tahamtani et al., 2020). For this reason, improving the
welfare of broiler breeders may require using alternative,
slower growing strains (Dawkins and Layton, 2012).
Increasing focus on using slower growing broiler strains
requires the use of slower growing broiler breeder strains
(Dixon, 2020), and the information about performance
and welfare of the parent stock of slower growing
broilers is yet unknown. This study was designed to
describe and compare the welfare and performance of 3
slow growing strains of pullets and 2 strains of cockerels.
The strains with the lower growth rate potential (strain
B and C pullets, and strain X cockerels) were expected
to have the highest welfare, production, and health out-
comes. Our results indicate that slower growing broiler
breeder pullets can achieve a controlled and uniform
growth rate with low levels of feed restriction, almost
perfect feather coverage, and low prevalence of footpad
lesions and hock burns during rearing. These results
agree with other studies assessing the performance of
slower growing broiler breeders (de Jong et al., 2003;
Heck et al., 2004; Jones et al., 2004).
Slower Growing Broiler Breeder Pullets

Welfare indicators that have been studied in conven-
tional broiler breeders were chosen to permit compari-
sons between the strains used in our study and those
used in other studies. Slower growing broiler breeder
pullets ate less feed (relative to BW) during the feeding
motivation test and had fewer feather fault bars than
conventional broiler breeder pullets tested at similar
ages and under similar conditions (Arrazola et al.,
2019). Conventional broiler breeders can consume their
daily feed allotment in less than 10 min after feeding
time (Arrazola et al., 2020b), whereas all strains in this
experiment had feed remaining in their feeders by the
end of the 20-min feed intake test. This is a clear indica-
tor of high feeding motivation and hunger due to severe
feed restriction in conventional strains of broiler
breeders (Savory et al., 1993; e.g., Girard et al., 2017b;
Arrazola et al., 2019), and our results indicate that
slower growing broiler breeders may have experienced
lower feeding motivation. In line with these results, fault
bars in feathers are feather malformations due to chronic
stressful events during feather growth (Jovani and
Rohwer, 2017; Arrazola and Torrey, 2019), and conven-
tional broiler breeders show high number of fault bars in
their plumage presumably due to their chronic feed
restriction (Arrazola et al., 2019, 2020b;
Tahamtani et al., 2020). In this study, slow growing pul-
lets (strain B and C) had a low number of fault bars in
feather whereas intermediate growing pullets (strain A)
had similar numbers of fault bars as conventional broiler
breeder pullets reared under similar management
(Arrazola et al., 2019). These results suggest that slow
growing pullets showed lower feeding motivation and
fewer signs of chronic stress due to feed restriction than
intermediate growing pullets during rearing. Similarly,
de Jong et al. (2003) assessed the effect of ad libitum
feeding and mild feed restriction (at 70% of ad libitum)
on the welfare of faster vs slower growing broiler
breeders. Under mild feed restriction, slower growing
broiler breeders showed fewer signs of hunger (lower glu-
cose/nonesterified fatty acids ratio and lower feeding
motivation) than faster growing broiler breeders
(de Jong et al., 2003).
Intermediate growing broiler breeders (strain A) in

this study required greater feed restriction starting at 2
wk of age to control their growth rate. Compared to the
other 2 strains studied, strain A had higher feeding moti-
vation, more fault bars, increasing water usage over
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time, and higher prevalence of footpad lesions at 4 wk of
age, plausibly due to wet litter (authors’ personal obser-
vation). Overdrinking and high water usage are signs of
feeding frustration in broiler breeders (Savory et al.,
1992; Hocking et al., 2001; Sandilands et al., 2005), and
the high water usage by strain A pullets can indicate the
increasing feeding motivation and feed restriction level
during early rearing. At the same age (from 7 to 10 wk
of age), the water intake of strain A pullets was similar
to values reported for conventional broiler breeders by
Nielsen et al. (2011).

Another sign of feeding frustration in conventional
broiler breeder pullets is the onset of gentle feather peck-
ing (Arrazola et al., 2020a). This behavior develops in
conventional broiler breeders during early rearing
(around 6 wk of age) and can lead to loss of feather cov-
erage in vent and tail areas (Morrissey et al., 2014a;
Arrazola et al., 2019, 2020b). Therefore, feather cover-
age loss and the presence of skin lesions in vent and tail
areas are indirect indicators of feather pecking and
severe pecking behavior, respectively, due to feed restric-
tion in broiler breeders. Very little feather coverage loss
and very few skin lesions were observed in any of the
strains of broiler breeder pullets in this study, even
though they had intact beaks. In line with the previous
results, these results indicate that slower growing broiler
breeder pullets showed few signs of gentle and severe
feather pecking and distress due to feeding frustration
during early rearing.

Achieving a uniform mature body weight and fleshing
conformation at photostimulation (around 20 wk of age)
is essential to synchronize laying onset and laying rate
among hens, and our results suggest that slower growing
pullets can achieve a controlled growth rate with good
body weight uniformity (CV <10%). In contrast, con-
ventional strains of broiler breeders show poor body
weight uniformity under commercial conditions (e.g.,
Cobb 500 [de Beer and Coon, 2007, 2009], and Ross 308
[Zuidhof et al., 2015; de los Mozos et al., 2017]). Poor
body weight uniformity results from unequal distribu-
tion of feed allotment among birds due to small daily
feed allotment and feeding competition (Lindholm et al.,
2015; Girard et al., 2017b). Under feed restriction, domi-
nant birds fight for feeder space and larger feed ration
leading to poor body weight uniformity, feather cover-
age loss, and presence of skin lesions in the head and
back of subordinate birds. Our results indicate that feed-
ing competition was low in slower growing breeders as
there were no signs of severe pecking and good body
weight uniformity. The body weight uniformity of strain
A pullets decreased with age and feed restriction but
was still below 8% (CV) by the end of rearing.
Jones et al. (2004) also reported that slower growing
broiler breeders fed ad libitum achieved good body
weight uniformity (CV <8%) at a healthy body weight
during mid rearing.

Additionally, feeding cost is a major economic factor
in broiler breeder production and lower cumulative feed
intake per bird can lower production cost. In our study,
the cumulative feed intake was lower in slower growing
broiler breeder pullets (7.7−7.8 kg/pullet) compared to
conventional pullets (Ross 308 and 708: 7.8 to 8.2 kg/
pullet; Aviagen, 2016a,b). Slow growing pullets (strain
B and C) had lower cumulative feed intake during rear-
ing than intermediate growing pullets (strain A),
although strain A pullets were more efficient due to
higher body weight gain. These differences in the cumu-
lative feed intake can relate to differences in feed effi-
ciency, growth rate, and nutritional requirements
among strains. Thus, the development of feeding pro-
grams and nutrient specifications for these alternative
strains are needed to optimize feed allotment and
achieve a slow growth rate and a healthy and mature
body conformation.
The results of this study indicate that slower growing

broiler breeder pullets showed lower feed and water
intake, better body weight uniformity, and fewer signs
of feeding frustration (e.g., less overdrinking, lower feed-
ing motivation, no signs of feather pecking and feather
coverage loss/skin lesions, etc) and chronic stress (e.g.,
low number of fault bars in feathers) due to lower feed
restriction level and, overall, better welfare. Despite
lower feed efficiency, using slower growing strains can
lower the feeding cost of broiler breeder production and
reduce the welfare problems of feed restriction. For this
reason, raising slower growing strains may be more eco-
nomically and socially sustainable than conventional
strains of broiler breeders.
Slower Growing Broiler Breeder Cockerels

Cockerels showed higher feeding motivation and more
signs of chronic stress (as indicated by the high number
of fault bars) than the pullets, with little differences
between the 2 cockerel strains. Faster growing broiler
breeder cockerels (strain Y) achieved a heavier body
weight at a lower feed intake but also had a higher num-
ber of fault bars and poorer body weight uniformity
than intermediate growing broiler breeder cockerels
(strain X). These results suggest that the feed restriction
needed to control the growth rate of strain Y cockerels
was more stressful than that of strain X cockerels. Due
to chronic feed restriction, conventional broiler breeder
cockerels often show poor feather coverage and skin
lesions due to gentle feather pecking, severe pecking,
and fighting. However, cockerels (strain X and Y) in the
current study did not show feather coverage loss or skin
lesions until 10 wk of age (feather coverage was not
assessed afterward), even though they had intact beaks.
These results suggest that despite the higher feed restric-
tion in faster growing broiler breeder cockerels, they
showed fewer sings of chronic feed restriction, feather
pecking problems, and feeding competition than conven-
tional strains. However, both cockerel strains in this
study showed increasing water intake with age and feed
restriction and high prevalence of footpad lesions at 9
wk of age, plausibly due to high-water spillage. Over-
drinking and high-water usage are signs of feeding frus-
tration in broiler breeders that can lead to health
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problems if litter quality is not considered during rear-
ing. Producers should therefore consider means to allevi-
ate feeding motivation and frustration in slower growing
cockerels such as using diluted diets or providing non-
nutritious dietary supplements (e.g., Tahamtani et al.,
2020).

The cumulative feed intake of the slower growing
broiler breeder cockerels during rearing was lower com-
pared to conventional broiler breeder cockerels (Ross
308: 11.1 kg/bird; Aviagen, 2016a). Slower growing
cockerels (strain X and Y) also achieved an optimal
body weight uniformity (CV around 10%) by the end of
rearing, and most cockerels (80−90%) show optimal
fleshing (i.e., score 2) at 9 wk of age (fleshing was not
assessed afterwards). Uniform body weight, similar
fleshing condition, low mortality, and no signs of severe
pecking suggest that feeding competition was low in
both cockerel strains.

These results suggest that intermediate growing
broiler breeder cockerels required lower cumulative feed
intake and less feed restriction during rearing than con-
ventional strains, resulting in better body weight unifor-
mity, improved liveability, and fewer signs of behavioral
problems such as feeding competition, overdrinking, and
feather pecking.

Public pressure and consumer concerns about the
health and welfare of conventional broiler strains are
moving the meat chicken industry toward using slower
growing strains. However, science-based information
about the performance and welfare of slower growing
broilers and broiler breeders is very limited. Recent stud-
ies have addressed this topic (e.g., Dixon, 2020;
Weimer et al., 2020), including the progeny of the broiler
breeders in this study (Santos et al., 2021; Torrey et al.,
2021), but there is a lack of studies evaluating the wel-
fare and performance of slower growing broiler breeders.
This study indicates that slower growing broiler
breeders (pullets and cockerels) showed good welfare
(few signs of distress, no signs of feather pecking, and
low feeding motivation, competition, and frustration),
acceptable performance (good body weight uniformity,
and fleshing), and low production costs (low cumulative
feed intake per bird). There is however limited knowl-
edge on the performance and welfare of slow(er) growing
broilers and broiler breeders, and future research should
examine this topic as well as strain-specific management,
nutrient requirements, and housing conditions during
rearing and lay (in the case of broiler breeders) to maxi-
mize the production and well-being of these alternative
strains.
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