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Abstract

Data of four layers flocks (#31-34) from North Carolina Layer
Performance and Management Test of the Department of Agriculture
and Consumer Services were used in the meta-analysis to find if an
increase in space allowance can affect egg production traits in white and
brown layers. Effects of space allowance of 310 and 413 cm?2/bird on
layers performance were compared in this study. The increase in space
allowance resulted in a significant improvement in egg production, egg
mass and daily feed intake in both white and brown layers throughout
the first (approximately 490-d; P < 0.001) and second (approximately till
760-d; P < 0.05) cycles of egg production. Space allowance did not affect
age of maturity and final body weight at the end of first egg production
cycle in both types of layers. Increasing birds space allowance resulted in
a reduction in the mortality rate of white layers (P < 0.001) in the first egg
production cycle and in the first (P=0.015) and second (P=0.027) egg
production cycles in brown layers. The increase in space allowance
significantly improved egg weight (P < 0.001) in white layers in the first
egg production cycle. A significant increase in egg weight was observed
in the first (P=0.014) and second (P=0.050) egg production cycles in
brown layers in response to increasing birds space allowance. Egg size
distribution was significantly influenced by the space allowance during
both egg production cycles in white and brown layers. Space allowance is
a management tool that can be used to optimize egg production traits,
mortality and egg size distribution in both white and brown layers. Space
allowance of 413 cm?/bird could significantly improve egg production
and egg size distribution in first and second egg production cycle
compared to 310 cm?2/bird.

Introduction

obtained by increasing birds population and

Although it is well-known that stocking density
can influence the performance of laying hens
(Leeson and Summers, 1984), many egg
producers have a tendency to use the housing
facilities at maximum capacity by increasing the
number of birds per cage. This is based on the
assumption that improved income can be

subsequently total egg production per house
regardless of the possible adverse impact of
increasing cage density (Hester and Wilson,
1986; Saki et al., 2012). Effects of cage density,
size and number of birds per cage have been
investigated and inconsistent results have been
reported (Adams and Jackson,  1970;
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Cunningham, 1982; Adams and Craig, 1985;
Hester and Wilson, 1986; Saki et al., 2012).
Adams and Craig (1985) performed a direct
comparison of results obtained from published
papers since 1971 till 1983 and concluded that
increasing cage density from 387 to 310
cm?/bird, significantly reduced egg production,
feed consumption and increased the rate of
mortality. However, Cunningham (1982)
observed no difference in egg production, egg
weight, egg mass, mortality rate, and feed
consumption in white leghorn layers that were
allocated to deep cages at 484 and 387 cm?/bird
throughout 20 to 60 weeks of age. Moreover,
reduction of space allocation resulted in an
increase in the number of cracked eggs (Hill and
Hunt, 1978). Furthermore, the number of broken
shell, soft shell, and shell-less eggs are
negatively associated with increasing cage
density (Hester and Wilson, 1986). However,
inconsistent results have been reported by other
researchers, who illustrated that cage density
did not influence uncollectable eggs (Dorminey
and Arscott, 1971; Hill and Hunt, 1978; Ouart
and Adams, 1982). In addition, Adams and
Jackson (1970) reported that mortality rate
increased in response to cage crowding of 700 to
310 m?/bird. However, Anderson and
Havenstein (2007), as well as Ouart and Adams
(1982) observed no effect on mortality rate in
response to decreased cage density. The
response of layer hens to different cage densities
can be strikingly different due to discrepancies
of cage densities, types, and house environments
as well as bird strains and ages (Adams and
Jackson, 1970; Cunningham, 1982, Ouart and
Adams, 1982).

In 1999, the United Egg Producers (UEP)
(UEP, 2006) assembled the UEP Committee for
Animal Welfare a scientific advisory committee
to develop guidelines based on existing
information to the egg industry. This
recommendation was established one year later
and made a considerable impact on layer hens’
management especially on their housing. The
UEP guideline increased former US industry
standard of 348 to range from 432 to 555
cm?/ bird (Cook, 2004).

A body of information regarding responses
of layers to different cage densities has reported
in the literature. For drawing a comprehensive
inference from many of these experiments that
were conducted in various conditions,
application of logic and statistical method is

indispensable. Meta-analysis is an approach
aimed to find the solution for main research
quandary by re-analyzing compiled data from
relevant publications (Faridi ef al., 2015) and it
can effectively eliminate factors that are variable
through different studies such as genetic
selection, diets, environment, etc. Therefore, the
aim of this study was to re-analyzing the
collected data of experiments under commercial
conditions from several strains of white and
brown layers reared at lower cage density
compared to UEP (United Egg Producers, 2006)
and  almost close to the  current
recommendations of cage density (Cook, 2004)
with the lowest possible divergence to answer
what productive factors can be influenced by
stocking density in white and brown layer hens.

Materials and Methods

Animal Care and Use Committee approval was
not required since data obtained from an
existing data set.

Description of data-set

The sources of data were four flocks from the
North Carolina Layer Performance and
Management Test (NCLP&MT) conducted at the
North Carolina Department of Agriculture and
Consumer Services, Piedmont Research Station-
Poultry Unit
(https:/ / poultry.ces.ncsu.edu/layer-
performance). These four reports represent a
total number of 26442 white layers and 13324
brown layers from four layer flocks were placed
in two cage densities (310 vs. 413 cm?/bird). The
four layer flocks (31st through 34t) maintained
in production throughout April 1994 to
November 2000 in layer house number four
(environmentally controlled facility with three
banks of four-deck high cages) and five (totally
enclosed force ventilated open-sided house two
banks of triple deck cages and two banks with
four levels of cages).

Hens of the 31st NCLP&MT (Anderson, 1996)
flock included Hy-line W36, Hy-line W77,
Bovans white, Dekalb Delta, Shaver white,
Shaver 2000, and ISA Babcock strains for the
white layers experiment and Hy-line brown,
Bovans brown, and ISA brown strains for the
brown layer experiment were moved to the
laying facilities on April 1994 at 17 weeks of age
and data were collected till 462-d as end of the
first egg production cycle and till 735-d as the
end of second egg production cycle. The 32nd
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NCLP&MT (Anderson, 1998) flock included Hy-
line W36, Hy-line W77, Bovans white, Shaver
white, Shaver 2000, and ISA Babcock strains for
the white layer experiment and Hy-line brown,
Bovans brown, ISA brown, and Shaver brown
579 for the brown layer experiment were moved
to the laying facilities on April 1996 at 17 weeks
of age and data were collected till 469-d as the
end of first egg production cycle and till 770-d as
the end of second egg production cycle. The 334
NCLP&MT (Anderson, 2000) flock included Hy-
line W36, Hy-line W98, and Bovans white strains
for the white layers experiment and Hy-line
brown, Bovans brown, and Bovans gold strains
for the brown layer experiment were moved to
the laying facilities in November 2000 at 17
weeks of age and data were collected till 462-d
as the end of first egg production cycle and till
770-d as the end of second egg production cycle.
The 34t NCLP&MT (Anderson, 2002) flock
included Hy-line W36, Hy-line W98, Bovans
white, Dekalb white, and Dekalb sigma strains
for the white layer experiment and Hy-line
brown, Bovans brown, and Dekalb brown
strains for the brown layer experiment were
moved to the laying facilities in November 2000
at 17 weeks of age and data were collected till
462-d as the end of first egg production cycle
and till 749-d as the end of second egg

production cycle. In flocks 31st and 32nd, each
nipple drinker covered water consumption of
2.30 birds, and during flocks 33rd and 34, each
nipple drinker provided water consumption of
four birds.

The 310 cm?/b density was provided by
keeping seven hens in a cage of 61 cm x 35.5 cm
(WxD) for the 31st and 32nd flocks with 8.7 cm
feeder space per bird; four birds in a cage of 30.5
cm x 40.7 cm (WD) in the 334 and 34t flocks
with 7.6 cm feeder space per bird. Whereas the
413 cm?/bird density was provided by keeping
seven hens in a cage of 82 cm % 35.5 cm (WxD)
for the 31st and 32nd flocks with 11.7 cm feeder
space per bird; four birds in a cage of 40.7 cm x
40.7 cm (WxD) in the 334 and 34t flocks with
10.2 cm feeder space per bird.

Diets compositions were similar during all of
these experiments. Feed and water were
provided for ad-libitum consumption. The age
of maturity, production performance, mortality,
final body weight and egg size distribution
during 1st and 2rd egg production cycles were
recorded. More comprehensive detail of data set
of the white and brown layers flocks of the first
and second egg production cycles as well as
molting periods are shown in Tables 1 through
4.
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One egg size category standard was used
throughout this four-layer flocks. The pee wee (<
42.5 g), small (42.5 - 49.5 g), medium (49.5 - 55.4
g), large (55.4 - 63.7 g) and extra-large (> 63.7 g)
are the five egg size categories were used in
these experiments. Grade-A egg had thick and
reasonably firm albumin, high and round yolk,
and practically free from defects and shells were
clean and unbroken. Grade-B egg had albumin
that may be thinner and yolk may be wider and
flatter than eggs of A grade. The shells were
unbroken but may showed slight stains or ridges
which compromises strength. All grading
procedures were done by trained personnel in
the USDA grading standards.

There is no clear definition for high and low
cage density, so the cage density of 310 cm?/bird
that is lower than UEP (United Egg Producers,
2006) was considered as a representative of high-
density cage and 413 cm?/bird as low cage
density. The data separated into white and
brown layers for the first and second egg
production cycles.

Data analysis

Averaged data of white layer strains considered
as white layer data as well as the brown layers.
The analysis was performed by Comprehensive
Meta-Analysis (CMA) version 3 software
(Borenstein et al., 2015). The random-effects
model was used in this analysis, since the data
was not obtained from a single population at the
same time. Differences between means for birds
kept in low cage density (Xp) and birds kept in
high cage density (Xc) were calculated by CMA
for each response variable based on a
standardized effect size formula of Hedges' g
(Hedges and Olkin, 2014).

X, — Xc
SD

Hedges’ g =

The standard deviation was calculated according
to following formula:

In addition, the true effect size (low vs. high
density) can be varied from one population to
the next and includes the true heterogeneity and
sampling error. Therefore, the 12 quantifies the
amount of observed variance that relates to the
differences in true effects rather than sampling
error (Huedo-Medina et al., 2006). The estimated
of variance between-experiments in true effects
presented as T2 (Borenstein et al., 2015). Both 12
and T2 were calculated by the CMA.

Results

First egg production cycle

Production performance

The effect of cage densities (413 vs. 310
cm?/bird) on production performance in white
and brown layers during the first egg
production cycle is shown in Tables 5 and 6,
respectively. Cage density had significant
impacts (P < 0.001) on egg production, egg mass
and feed intake in both white and brown layers.
Although, feed conversion ratios were not
affected by the cage densities in the white
(P=0.473) and brown (P=0.310) layers
throughout the first egg production cycle.
According to the Hedges' ¢ index, a decrease in
stocking density increased egg production, egg
mass and feed intake in both white and brown
layers.
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Mortality rate

Mortality rate was influenced by cage density in
the white (P < 0.001) and brown layers (P=0.015),
in which low cage density resulted in a
reduction in white layers mortality rate (Hedges’
g index= —0.870) and more drastically for brown
layers (Hedges' g index= —2.669).

Age of maturity and final body weight

Age of maturity was not altered by stocking
density either white or brown layers. In
addition, cage density did not have an impact on
final body weight in the first egg production
cycle for the white and brown layers. Although,
cage density had a tendency to significantly
affect the final body weight of brown layers
(P=0.069).

Egg weight, sizes and grades distribution
Egg weight, extra-large, cracked and percentage
of Grade-A eggs were significantly affected by
cage density in white layers. The low cage
density resulted in an increment of egg weights
(Hedges' g index= 0.156) and percentage of
extra-large eggs (Hedges' ¢ index= 0.177) which
were concomitant with a reduction in the
percentage of cracked eggs (Hedges' ¢ index=
—0.555). An increase in extra-large eggs and a
decrease in cracked eggs resulted in more
percentage of Grade-A eggs in response to low
stocking density (413 cm?/bird). Percentage of
pee wee, small, medium, large and Grade-B eggs
were not different among the two cage densities.
Cage density significantly affected egg
weight as well as percentage of small, medium,
Grade-A and B eggs in brown layers. An
increase in space allocated led to an increase in
egg weight with concomitant reduction in
percentage of small and medium eggs. This

reduction in the percentage of small and
medium egg size resulted in an increase in
Grade-A eggs and decrease in Grade-B eggs. The
percentages of pee wee, large, extra-large and
cracked eggs were not influenced by cage
density.

Molting period

Cage density did not affect mortality rate in
either white or brown layers throughout the
molting period (Table 7). The percentage of
weight loss throughout the molting period was
significantly affected by cage density in white
(P=0.046) and brown (P=0.002) layers. The low
stocking density (413 cm?/bird) reduced weight
loss as —0.476 and —0.702 Hedges' g indices for
the white and brown layers, respectively.

Second egg production cycle

Production performance

The effects of cage density (413 vs. 310 cm?/bird)
on egg production, egg mass and feed intake of
white and brown layers in second egg
production cycle are shown in Tables 8 and 9,
respectively. Egg production, egg mass, and feed
intake of white and brown Ilayers have
significantly influenced by the cage density. Egg
production, egg mass and feed intake were
improved by 1.425, 0.971 and 1.405 Hedges' g
indices, respectively in response to reduced cage
density in white layers. Improvement of 1.937,
3.157 and 1.906 Hedges' g indices were observed
in egg production, egg mass and feed intake,
respectively when brown hens kept at 413 cm2/b
as compared to 310 cm?/bird in the second egg
production cycle. However, feed conversion
ratio was not affect by stocking density in white
or brown layers throughout the second egg
production cycle.
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Mortality rate

The use of cage of 413 cm?2/bird density did not
have an impact on the mortality rate of white
layers (P=0.151) in the second egg production
cycle. Although, the use of low cage density (413
cm?/bird) resulted in a significant increase in
mortality rate (0.027) in brown layers during the
second egg production cycle.

Egg weight, sizes and grades distribution

Egg weight was not influenced by stocking
density throughout the second egg production
cycle in the white layers. However, the use of
low stocking density resulted in an increase in
egg weight (Hedges' g index= 0.133, P=0.050) in
brown layers throughout the second egg
production cycle. Reduced cage density resulted
in a significant increase in extra-large eggs and
percentage of Grade-A eggs and a decrease in
large and the percentage of Grade-B eggs in
white layers throughout the second egg
production cycle. In addition, the low cage
density for brown layers resulted in a significant
improvement in extra-large and percentage of
Grade-A eggs as well as the reduction in the
percentage of large eggs.

Heterogeneity indices

The I? that reflects the proportion of true
variance to observed variance of cage density
effect ranged from 99.9 to 95.7 in all of the
response variables for white and brown layers in
both egg production cycles with the exception of
egg weight in white layers at first egg
production cycle. This range of 12 indicates that
99.9 to 95.7 percent of the observed variance was
related to the real difference in cage density
effect for different response variables.

High proportions of variance in all variables
were related to the true density effect and thus
the sampling error had a negligible impact on
the observed variation. Only the I2 of the egg
weight item in the white layers in the first egg
production cycle was relatively lower (Table 5,
12=64.0). However, the between-flock variance
(T?) of true effect for the egg weight was 0.001,
which indicates that there was a negligible
variation between different flocks with regard to
the true effects of cage density on egg weight
(Table 5). The T2 is an indicator of the variation
existed among true effect of different flock
records that was high (T2 > 4) for egg mass and
mortality rate for the brown layers in the first
egg production cycle (Table 6). The 12 and T2

values for the percentage of pee-wee egg in
white layers during the second egg production
cycle was zero. Thus, the percentage of pee-wee
eggs was exactly the same for the white layers
that kept in two cage densities during the second
egg production cycle (Table 2) that resulted in
zero values for I2 and T2 (Table 8).

Discussion

Production performance

The improvement in egg production, egg mass
and feed intake in response to decreased cage
density in our study were similar to observation
of other investigators (Adams and Jackson 1970;
Cunningham and Ostrander, 1981; Cunningham,
1982; Adams and Craig, 1985; Saki et al., 2012).
The most considerable impact of reduction in
stocking density was the dramatic increase in
feed consumption of birds at more liberal
density. This effect may be related to the
enhancement  of maintenance energy
requirement that is originated from birds
activity or decreased in micro-environmental
temperature (Mench ef al., 1986). Anderson et al.
(1995) reported the increase of 9 g/bird and 3.5
g/bird in daily feed intake and egg mass,
respectively when hens kept at 482 cm?/bird
compared to those kept at 361 cm?/bird. Saki et
al. (2012) observed an increase of 1.33 g/bird,
7.09 g/bird, and 16.96% in daily feed intake, egg
production and egg mass, respectively when
crowding density was reduced from 500 to 2000
cm?/bird. However, Cook (2004) observed no
change in daily feed consumption among four
stocking densities of 348, 387, 426, and 465
cm?/bird in  Hy-line W36 layers hens.
Cunningham and Ostrander (1981) reported a
significant reduction in body weight, feed
consumption, egg weight and egg mas through
increased cage density (484 vs. 323 cm?/bird) in
white leghorn layers from 22 weeks till 455 day
of age. Although in our study, there were no
effects of cage densities on feed conversion ratio
in white and brown layers during first and
second egg production cycles. Cunningham
(1982) observed 4.16, 5.19 and 11.73% reduction
in egg production, egg mass and feed
consumption, respectively, in response to
reduction in space allocation (484 vs. 323
cm?/bird). However, similar to our study in
white layers during second egg production cycle
mortality rate and egg weight were not altered
by the cage density (Table 8).
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Generally, it has been widely accepted that
the  deterioration of egg  production
characteristics resulted from increased stocking
density is associated with physiological stressful
conditions as well as intensified competition for
feed and water and decreased available feeder
space per bird and increased competition for
feed and water (Hester and Wilson, 1986; Saki et
al. 2012). Mashaly et al. (1984) stated that
complex alteration in various adrenal glands
and plasma constituents may be a well-
description of physiological stress. A change in
serum corticosterone concentration is considered
as a valid indicator of physiological stress
assessment. The findings of Mashaly et al. (1984)
demonstrated that based on corticosterone
measurement, white layers housed at 310
cm?/bird were under more stress than those
kept at 387 or 516 cm?/bird. They concluded that
reduction of egg production in response to
increasing cage density is another indicator of
physiological stress in response to increased
population density (Mashaly et al. 1984).

There is a lack of information concerning the
effects of cage density in brown layers.
However, based on Hedges' ¢ index in our
study, the differences in egg production, egg
mass, and daily feed intake were more
remarkable in brown layers than in white layers
kept at 413 vs. 310 cm?/bird cage density. This
phenomenon can illustrate that brown layers are
more sensitive to cage density than white layers.

Mortality rate

Generally, mortality rate, as well as other
production characteristics, are adversely affected
by increased cage density. Cannibalism is
considered as a major cause of increased
mortality rate. In addition, several researchers
stated that the increase in mortality rate may be
influenced by general stress (Adams and
Jackson, 1970). Similar to our observations,
Adams and Craig (1985) reported that increased
cage density from 516 to 387 cm?/bird
significantly increased the rate of mortality by
2.8% in white layers. In contrast, Cunningham
and Ostrander (1981) and Cunningham (1982)
reported that stocking density did not have an
impact on mortality of layers. However,
mortality has been shown to be strain related in
low- or high-density cages (Anderson, 1996,
1998, 2000, 2002). Anderson and Jenkins (2011)
showed that higher density in cages reduced the

livability of the flock of brown layers. However,
our study demonstrated that Hedges' g index
indicated that in the brown layers were more
sensitive to cage density than white layers,
which showed that the rate of mortality in
brown layers is strongly correlated to cage
density compared to white layers (—2.669 vs.
—0.870). In addition, this impact was observed
throughout the second egg production cycle in
brown layers.

Age of maturity and body weight

The ineffectual impact of cage density on body
weight was similar to the report of Patterson and
Siegel (1998), and Jalal et al. (2006), but
inconsistence with Saki et al. (2012) and Keeling
et al. (2003). Differences in body weight in
various studies can be attributed by different
strains and ages of layers as well as differences
existed within housing conditions and
environment such as seasons, feeder spaces and
cage systems.

There is a lack of information regarding the
effects of cage density on age of maturity of
layers, but Anderson et al. (1995) observed a
reduction in age of maturity in brown layers
from 152 to 151 days in response to lowering
stocking density from 361 to 482 cm?/bird.

Egg weight, sizes and grades distribution
Our results regarding the positive effect of
decreasing cage density on egg weight in white
and brown layers were in agreement with
Anderson et al. (1995) who observed an
improvement in egg weight in response to
reducing stocking density from 361 to 482
cm?/bird in brown layers. These findings are
also support the observation of some other
investigators, whom stated a reduction in cage
density caused an improvement in egg weight in
white layers (Cunningham and Ostrander, 1981;
Cunningham, 1982; Saki ef al., 2012).
Modification of egg size in response to
decreased cage density did not follow any
observable pattern and so it is difficult to draw a
conclusion with regard to these changes.
However, Grade-A eggs were dramatically
altered by a change in stocking density in both
types of hens during both egg production cycles.
Similar to our observation, Anderson et al. (1995)
reported an improvement in the percentage of
Grade-A eggs by reducing stocking density from
361 to 482 cm?/bird in brown layers.
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Conclusions

The results of this study demonstrated that the
cage density imposes a considerable impact on
egg production, egg size distribution regardless
of age, cage type and strain of hens during first
and second egg production cycles. Reducing
stocking density improved egg production, egg
mass and feed consumption in concomitant with
a decrease in mortality rate in white and brown
layers during both cycles. In addition, the
production of Grade-A eggs is influenced by

References

Adams AW & Craig JV. 1985. Effect of crowding
and cage shape on productivity and
profitability of caged layers: A survey.
Poultry  Science, 64: 238-242. DOL
10.3382/ ps.0640238

Adams AW & Jackson ME. 1970. Effect of cage
size and bird density on performance of six
commercial strains of layers. Poultry Science,
49:1712-1719. DOLI: 10.3382/ ps.0491712

Anderson K, Havenstein G & Brake J. 1995.
Effects of strain and rearing dietary regimens
on brown-egg pullet growth and strain,
rearing dietary regimens, density, and feeder
space  effects on subsequent laying
performance. Poultry Science, 74: 1079-1092.
DOI: 10.3382/ ps.0741079

Anderson KE. 1996. Final Report of the 31st North
Carolina Layer Performance and Management
Test: Production Report. Vol. 31, No. 4. May
1996.https:/ /www.ces.ncsu.edu/ depts/ pouls
ci/tech_manuals/layer_reports/31_final_repo
rt.pdf

Anderson KE. 1998. Final Report of the Thirty
Second North Carolina Layer performance
and Management Test: Production Report.
Vol. 32, No. 4. July 1998.
https:/ /www.ces.ncsu.edu/depts/poulsci/t
ech_manuals/layer_reports/32_final_report.
pdf

Anderson KE. 2000. Final Report of the Thirty
Third North Carolina Layer performance and
Management Test: Production Report. Vol.
33, No. 4. October 2000.
https:/ /www.ces.ncsu.edu/depts/poulsci/ t
ech_manuals/layer_reports/33_final_report.
pdf

Anderson KE. 2002. Final Report Of The Thirty
Fourth North Carolina Layer Performance
And Management Test: Production Report.
Vol. 34, No. 4. November 2002.
https:/ /www.ces.ncsu.edu/depts/poulsci/ t

birds space allocation and can be enhanced by a
decrease in cage density. Therefore, cage density
is a key factor in management and should be
considered to optimize net profit.

Acknowledgments

The authors would like to truly appreciate the
North Carolina Department of Agriculture and
Consumer Services, Piedmont Research Station
staff for their exemplary efforts throughout
performing NCLP&MT program.

ech_manuals/layer_reports/34_final_report.
pdf

Anderson K & Havenstein G. 2007. Effects of
alternative molting programs and population
on layer performance: Results of the thirty-
fifth North Carolina layer performance and
management test. The Journal of Applied
Poultry = Research, 16: 365-380. DOL
10.1093/japr/16.3.365

Anderson KE & Jenkins PK. 2011. Effect of
rearing dietary regimen, feeder space and
density on egg production, quality and size
distribution in two strains of brown egg
layers.  Intenational Journal of Poultry
Science, 10: 169-175. DOI:
10.3923/ijps.2011.169.175

Borenstein M, Hedges L, Higgins ] & Rothstein
H. 2015. Comprehensive meta-analysis
version 3. Englewood, NJ: Biostat, 104.

Cook RN. 2004. Effects of cage stocking density
on feeding behaviors of group-housed laying
hens. Proceedings of the 2004 ASAE Annual
Meeting, American Society of Agricultural
and Biological Engineers.

Cunningham DL. 1982. Cage type and density
effects on performance and economic factors
of caged layers. Poultry Science, 61: 1944-
1949. DOI: 10.3382/ ps.0611944

Cunningham DL & Ostrander CE. 1981. An
evaluation of layer performance in deep and
shallow cages at different densities. Poultry
Science, 60: 2010-2016. DOLI:
10.3382/ ps.0602010D

Dorminey R & Arscott G. 1971. Effects of bird
density, nutrient density and perches on the
performance of caged White Leghorn layers.
Poultry  Science, 50: 619-626. DOL:
10.3382/ ps.0500619

Faridi A, Gitoee A & France J. 2015. A meta-
analysis of the effects of nonphytate
phosphorus on broiler performance and tibia

Poultry Science Journal 2018, 6(1): 71-87



Akbari Moghaddam Kakhki et al., 2018

87

ash concentration. Poultry Science, 94: 2753-
2762. DOI: 10.3382/ ps/ pev280

Hedges LV & Olkin I. 2014. Statistical methods
for meta-analysis: Academic press. 369 Pages.

Hester PY & Wilson EK. 1986. Performance of
White Leghorn hens in response to cage
density and the introduction of cage mates.
Poultry = Science, 65: 2029-2033. DOL
10.3382/ps.0652029

Hill A & Hunt J. 1978. Layer cage depth effects
on nervousness, feathering, shell breakage,
performance, and net egg returns. Poultry
Science, 57: 1204-1216. DOIL
10.3382/ps.0571204

Huedo-Medina TB, Sanchez-Meca ], Marin-
Martinez F & Botella ]. 2006. Assessing
heterogeneity in meta-analysis: Q statistic or
I2 index?. Psychological Methods, 11: 193-206
DOI: 10.1037/1082-989X.11.2.193

Jalal M, Scheideler S & Marx D. 2006. Effect of
bird cage space and dietary metabolizable
energy level on production parameters in
laying hens. Poultry Science, 85: 306-311.
DOI: 10.1093/ ps/85.2.306

Keeling L], Estevez I, Newberry RC & Correia
MG. 2003. Production-related traits of layers
reared in different sized flocks: the concept of

problematic  intermediate group sizes.
Poultry = Science, 82: 1393-1396. DOL:
10.1093/ps/82.9.1393

Leeson S & Summers JD. 1984. Effects of cage
density and diet energy concentration on the
performance of growing Leghorn pullets

subjected to early induced maturity. Poultry
Science, 63: 875-882. DOI: 10.3382/ ps.0630875

Mashaly MM, Webb ML, Youtz SL, Roush WB &
Graves HB. 1984. Changes in serum
corticosterone concentration of laying hens as
a response to increased population density.
Poultry = Science, 63: 2271-2274. DOI:
10.3382/ ps.0632271

Mench JA, Van Tienhoven A, Marsh JA,
McCormick CC, Cunningham DL & Baker
RC. 1986. Effects of cage and floor pen
management on behavior, production, and
physiological stress responses of laying hens.
Poultry = Science, 65: 1058-1069. DOI:
10.3382/ ps.0651058

Ouart M & Adams A. 1982. Effects of cage
design and bird density on layers.: 1.
Productivity, feathering, and nervousness.
Poultry  Science, 61: 1606-1613. DOI:
10.3382/ ps.0611606

Patterson PH & Siegel HS. 1998. Impact of cage
density on pullet performance and blood
parameters of stress. Poultry Science, 77: 32-
40. DOI: 10.1093/ps/77.1.32

Producers UE. 2006. Animal husbandry
guidelines for US egg laying flocks.
Alpharetta, GA: United Egg Producers.

Saki AA, Zamani P, Rahmati M & Mahmoudi H.
2012. The effect of cage density on laying hen
performance, egg quality, and excreta
minerals. Journal of Applied Poultry
Reseacrh, 21: 467-475. DOI:
10.3382/japr.2010-00318

Poultry Science Journal 2018, 6(1): 71-87



