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ABSTRACT This meta-analysis aimed to evaluate the effects of providing pecking materials as environmental enrichment
on feather damage and selected physical welfare indicators in laying hens. A systematic literature search was conducted using
electronic databases, and studies investigating the effects of pecking material provision on region-specific feather damage or
physical welfare parameters were selected according to predefined inclusion criteria. A total of eight articles comprising ten
independent experiments were included in the final analysis. The pooled results indicated that the provision of pecking
materials significantly improved feather condition in the neck, back, and wing regions, as well as overall body feather status.
In addition, a significant reduction in comb wound counts was observed, suggesting a decrease in injurious pecking behavior.
These findings imply that providing manipulable pecking materials may redirect pecking activity away from conspecifics and
stimulate natural exploratory and foraging behaviors, thereby contributing to improved welfare outcomes. Despite these positive
effects, heterogeneity was observed among studies, which may be attributed to differences in housing systems, hen genotype
and age, types of pecking materials, and feather scoring methods. Therefore, the results should be interpreted with caution.
Nevertheless, the present findings support the practical application of pecking materials as an environmental enrichment
strategy to enhance behavioral and physical welfare in laying hens. Further standardized, large-scale, and long-term studies
are required to strengthen the evidence base and improve the generalizability of the conclusions.

(Key words: animal welfare, environmental enrichment, laying hens, meta-analysis, pecking material)
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Table 1. Description of the scoring scheme used for the assessment
of feather condition

Score Feather loss

1 >75% of the feathers of the body region missing
2 >50% and <75% of the feathers of the body region missing
3 >25% and <50% of the feathers of the body region missing

No feather loss or <25% of the feathers of the
body region missing
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Fig. 1. PRISMA flow diagram of the systematic review and
meta-analysis.
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Table 2. Overview of studies used for the meta-analysis

No.  Publication  Housing Species, Weeks N (n) Beak trim Enrichment type Analysis item
Steen(ge(l)((i);)et al. F ISA Brown, 16 weeks 4 (50) No Silage or Carrot Fes;}clir’ j;?;gie(nri,eci’/etzgﬁ’
Al(nz]OTt@al. F Dekal‘t; 6WViléte€;(Slayers, 4 (75) No Mussel shells Feather damage (overall)
3 Od(:ggzz; al. F dual-/;:ll;;z}slet:l,m::u\ieeks 3 (15) No Larvae Feather damage (overall)
White Leghorn hens,

Johannson et al. Feather damage (neck, breast,

4 C 20 weeks (trial 1), 4 (20) Yes Silage .
(2016) 19 weeks (trial 2) back, wing, overall)
Moss et al. . . Number of comb wounds,
5 (2024) C Hy-Line Brown, 24 weeks 14 (2) NA Hanging CD claw length
Igbal et al. . 5 (2,000), . Feather damage (neck, breast,
(2020) FR  Hy-Line Brown, 16 weeks 5 (250) Both Pecking stone back, wing, vent), claw length
Bari et al Feather damage (overall),
7 (2020a) ’ FR  Hy-Line Brown, 16 weeks 3 (154) Yes  Balls, bottles, bricks, etc. Number of comb wounds,
claw length
Bari et al. Number of comb wounds
FR  Hy-Line B 16 3 (154 Y Ball ttl i tc. ’
(2020b) y-Line Brown, weeks 3 (154) es alls, bottles, bricks, etc claw length

N: number of experimental groups reported within each study (defined as cage, pen, or flock depending on the housing system); n: number
of birds per replicate; F: Floor; C: Cage; FR: Free-range; NA: not available.

thze}t A2l 7H] standardized mean difference(SMD)<} 95% A 1}
confidence interval(C)Z A|AISIATL. &3 =71 SMD ol

0.2, 0.5, 082 W) 217} Z-g(small), 5 medium), F(large) = 1. 204 Abej

73199tk Forest plotoll A nFEE. 2ok 53t Eiq- ZHAE

LR, S A12] 7710 00] A eFS G- AR mvke OR=
EAA oz §o)3t Aoz Aukslgt). 7 A Ao g3 = = 4 Al whE o] 5 9] 21d e ] &
71 forest plot U] AN o2 FAIE|T = Fig. 200 AASHATh HEREA A7), & 59 219 el
Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Steenfeldt et al., 2007 : Silage 4 3.80 0.3800 4 320 0.3800 : 1.37 [-0.29; 3.03] 4.9% 4.9%
Steenfeldt et al., 2007 : Silage 4 390 0.3800 4 3.20 0.3800 i 160 [-0.15; 3.35] 4.4% 4.4%
Steenfeldt et al., 2007 : Carrot 4 360 0.3800 4 320 0.3800 i 091 [-0.60, 2.43] 59% 5.9%
Johannson et al., 2016 : Silage 4 379 0.0860 4 298 0.0860 | T 818 [2.54;13.83] 0.4% 0.4%
Johannson et al., 2016 : Silage 4 395 0.0314 4 388 00314 } 1.94 [0.04; 3.83] 3.8% 3.8%
Igbal et al., 2020 : Pecking stone 5 4.00 0.5881 5 4.00 0.5881 E 3 0.00 [-1.24; 1.24] 8.9% 8.9%
Igbal et al., 2020 : Pecking stone 5 4.00 0.5881 5 4.00 0.5881 : 3 0.00 [-1.24, 1.24] 8.9% 8.9%
Igbal et al., 2020 : Pecking stone 5 4.00 0.5881 5 3.95 05881 = 0.08 [-1.16; 1.32)] 8.9% 8.9%
Igbal et al., 2020 : Pecking stone 5 372 0.5881 5 3.33 0.5881 .l 0.60 [-0.68; 1.88] 8.3% 8.3%
Igbal et al., 2020 : Pecking stone 5 3.20 0.5881 5 2.26 05881 1 1.44 [-0.03; 2.92] 6.3% 6.3%
Igbal et al., 2020 : Pecking stone 5 2.80 0.5881 5 215 0.5881 - 1.00 [-0.36; 2.35] 7.4% 7.4%
Igbal et al., 2020 : Pecking stone 4 400 01340 4 398 01340 - 0.13 [-1.26; 1.52] 71% 71%
Igbal et al., 2020 : Pecking stone 4 398 0.1340 4 398 01340 - 0.00 [-1.39; 1.39] 71% T1%
Igbal et al., 2020 : Pecking stone 4 382 01340 4 38401340 L3 -0.13 [1.52; 1.26] 71% 71%
Igbal et al., 2020 : Pecking stone 4 3.87 0.1340 4 387 01340 -!- 0.00 [-1.39; 1.39] 71% 71%
Igbal et al., 2020 : Pecking stone 2 374 0.0948 2 37400048 = 0.00 [-1.96; 1.96] 3.5% 3.5%
I
1
Common effect model 68 68 * 0.52 [0.15; 0.89] 100.0% .
Overall Effect + 0.52 [0.15; 0.89] . 100.0%

Heterogeneity: /% = 18.0%, t° = 0.0001, p = 0.2480
10 5 0 5 10
Standardized Mean Difference

Fig. 2. Forest plot of the effects of environmental enrichment on neck feather condition in laying hens.
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U3t 2= B4 Alge] 8= 53 2] 89 A5 B 3 =
THSMD = 0.52; 95% CL: 0.15 to 0.89). T3+ A 7+ o] A& = B3 AlFol w2 A=Al T 59 g e Al
o Szzo 7 FOIEQUHR = 18.0%, 12<0.0001, P = 0.2480). E7= Fig. 49 2oh. 5 59 A8 dHe e 2 AF

o w2t &3 A7le Fueld F3F FELR e e
2) 7k (SMD = 0.45; 95% CI: 0.08 to 0.81). A 7+ o] H AL vk
= 22 ATl wE e ks 59 2L G N THP = 10.1%, ©<0.0001, P = 0.3382).
A &3 Fig 33 2o 7ks 59 A dele e 24
o

Azl wet N BIE HolA] eeH(SMD = 0.29; 4) =4
95% CI: —0.08 to 0.66), A7 3t o] AL F3 FFo Ak o] 2o 79 Z1Y Adeol g 2= 4 AF &
UERITHE = 31.4%, 12<0.0001, P = 0.1111). = Fig. 5o YRt 25 £4 AlFol met 27i F-91<
Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Steenfeldt et al,, 2007 : Silage 4 310 0.5200 4 240 05200 : 117 [-042; 2.76] 5.4% 5.4%
Steenfeldt et al, 2007 : Silage 4 350 05200 4 240 05200 f 1.84 [[0.01; 3.69] 4.0% 4.0%
Steenfeldt et al, 2007 : Carrot 4 310 0.5200 4 240 05200 I 117 [[0.42; 276] 54% 54%
Johannson et al, 2016 - Silage 4 292 01256 4 19501256 i —— 671 [2.01;11.40] 0.6% 0.6%
Johannson et al,, 2016 - Silage 4 315 00832 4 276 00832 | —— 407 [1.02; 713] 1.5% 1.5%
lgbal et al., 2020 : Pumice stone 5 400 20438 5 400 20438 - 000 [1.24; 1.24] 8.9% 89%
Igbal et al., 2020 : Pumice stone 5 390 20438 5 382 2.0438 E 3 0.04 [-1.20; 1.28] 8.9% 8.9%
lgbal et al., 2020 : Pumice stone 5 3.04 20438 5 296 2.0438 E 0.04 [-1.20; 1.28] 8.9% 8.9%
Igbal et al., 2020 : Pumice stone 5 256 2.0438 5 217 2.0438 . 3 017 [-1.07; 1.42] 8.8% 8.8%
Igbal et al., 2020 : Pumice stone 5 146 2.0438 5 1.26 2.0438 k3 0.09 [-1.15; 1.33] 8.9% 8.9%
Igbal et al., 2020 : Pumice stone 5 1.32 2.0438 5 117 2.0438 E 3 007 [-1.17; 1.31] 8.9% 8.9%
Igbal et al., 2020 : Pumice stone 4 400 0.3720 4 38103720 - 044 [-0.97; 1.86] 6.8% 6.8%
Igbal et al., 2020 : Pumice stone 4 38503720 4 38203720 - 0.07 [1.32; 1.48] 71% 71%
Igbal et al., 2020 : Pumice stone 4 3.09 03720 4 34003720 —lw:- 072 [-219;, 0.74] 6.3% 6.3%
Igbal et al., 2020 : Pumice stone 4 266 03720 4 276 03720 —II— 0.23 [-1.63; 1.16] 7.0% 7.0%
Igbal et al., 2020 : Pumice stone 2 231 02630 2 25302830 —=r— 047 [-264; 1.70] 29% 2.9%
Common effect model 68 68 4 0.29 [-0.08; 0.66] 100.0% .
Overall Effect 4 0.29 [-0.08; 0.66] . 100.0%

Heterogeneity 1% = 31.4%, ° < 0.0001, p = 0.1111 f ‘ f ‘
-10 -5 0 5 10
Standardized Mean Difference

Fig. 3. Forest plot of the effects of environmental enrichment on breast feather condition in laying hens.

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common)} (random)
Steenfeldt et al., 2007 : Silage 4 3.80 0.7600 4 240 0.7600 : 1.60 [-0.15; 3.35] 4.3% 4.3%
Steenfeldt et al , 2007 - Silage 4 400 07600 4 240 07600 t 183 [[002; 368] 39% 39%
Steenfeldt et al , 2007 - Carrot 4 300 07600 4 240 07600 : 069 [077; 2.15] 6.2% 6.2%
Johannson et al | 2016 - Silage 4 360 00838 4 29500838 i ——— §.74 [2.02;11.45] 0.6% 0.6%
Johannson et al., 2016 : Silage 4 3.80 0.0518 4 3.68 0.0518 i 2.01 [0.08; 3.94] 3.6% 3.6%
Igbal et al., 2020 : Pumice stone 5 4.00 04584 5 4.00 0.4584 R 3 0.00 [-1.24; 1.24] 8.7% 8.7%
Igbal et al, 2020 - Pumice stone 5 399 04584 5 400 04584 = -002 [126; 122] 87% 87%
Igbal et al, 2020 - Pumice stone 5 393 04584 5 384 04584 L 3 018 [-1.07; 142] 8.6% 8.6%
Igbal et al, 2020 - Pumice stone 5 358 04584 5 36104584 = -0.06 [1.30; 1.18] 87% 87%
Igbal et al, 2020 - Pumice stone 5 314 04584 5 276 04584 b 075 [056; 2.06] 7 8% 78%
Igbal et al., 2020 : Pumice stone 5 264 04584 5 2.29 0.4584 - 069 [0.61; 1.99] 7.9% 79%
Igbal et al, 2020 : Pumice stone 4 400 09500 4 400 09500 - 000 [-1.39; 1.39] 6.9% 65.9%
Igbal et al, 2020 - Pumice stone 4 341 09500 4 328 09500 - 012 [1.27; 151] 6.9% 6.9%
Igbal et al, 2020 : Pumice stone 4 285 09500 4 261 09500 - 022 [117; 161] 6.9% 6.9%
Igbal et al, 2020 - Pumice stone 4 280 09500 4 280 09500 .l 000 [-1.39; 1.39] 6.9% 6.9%
Igbal et al, 2020 - Pumice stone 2 27506718 2 257 06718 —— 015 [-1.83; 2.13] 3.4% 34%

]
I

Common effect model 68 68 ‘: 0.45 [0.08; 0.81] 100.0% .
Overall Effect 0.45 [0.08; 0.81] . 100.0%

Heterogeneity: 1% = 10.1%, < < 0.0001, p = 0.3382 f ‘ I ‘ !
-10 -5 0 5 10
Standardized Mean Difference

Fig. 4. Forest plot of the effects of environmental enrichment on back feather condition in laying hens.
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Steenfeldt et al., 2007 : Silage 4 3.80 0.4200 4 240 04200 ——=—— 2090 [051;5.28] 2.7% 4.0%
Steenfeldt et al., 2007 : Silage 4 3.90 0.4200 4 240 04200 :r—'— 3.10 [0.61,5.60] 2.4% 3.8%
Steenfeldt et al., 2007 : Carrot 4 360 0.4200 4 240 04200 I 248 [0.32,4.64] 3.3% 4.6%
Johannson et al., 2016 : Silage 4 3.85 0.0552 4 374 00552 :—I— 1.73 [-0.07, 3.54] 47% 57%
Johannson et al., 2016 : Silage 4 3.99 0.0226 4 393 0.0226 S 231 [0.23,4.38] 3.5% 4.8%
Igbal et al., 2020 : Pumice stone 5 4.00 0.3332 5 400 0.3332 —- 0.00 [-1.24,1.24] 9.9% 8.1%
Igbal et al , 2020 - Pumice stone 5 4.00 03332 5 400 03332 : :— 000 [-1.24;1.24] 9.9% 81%
Igbal et al , 2020 - Pumice stone 5 398 03332 5 396 03332 —- 005 [-1.19;1.29] 9.9% 81%
Igbal et al , 2020 - Pumice stone 5 384 03332 5 371 03332 —-|— 035 [-090; 161] 97% 8.0%
Igbal et al., 2020 : Pumice stone 5 3.36 0.3332 5 229 03332 i—®—— 290 [087,4.93] 37% 5.0%
Igbal et al., 2020 : Pumice stone 5 268 0.3332 5 226 03332 i 1.14 [-0.25; 2.53] 7.9% 7.4%
Igbal et al , 2020 - Pumice stone 4 400 02300 4 400 02300 4-*:* 000 [-1.39;1.39] 7.9% 7 4%
Igbal et al , 2020 - Pumice stone 4 393 02300 4 396 02300 —- 011 [-1.50;1.27] 7.9% 7 4%
Igbal et al , 2020 - Pumice stone 4 342 02300 4 366 02300 ﬂ—H 091 [-2.42; 061] 6.7% 65.8%
Igbal et al, 2020 - Pumice stone 4 361 02300 4 365 02300 —- 015 [-154;1.24] 79% 7 4%
Igbal et al , 2020 - Pumice stone 2 309 01626 2 336 01626 E 094 [-362;1.75] 21% 34%
Common effect model 68 68 - 0.53 [0.14; 0.92] 100.0% .
Overall Effect ot 0.71 [0.13; 1.28] 100.0%
Heterogeneity: 1° = 50.8%, t° = 0.6698, p = 0.0103
4 2 0 2 4
Standardized Mean Difference
Fig. 5. Forest plot of the effects of environmental enrichment on wing feather condition in laying hens.
Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sSD Difference SMD 95%-Cl (common) (random)
Housing = F
Steenfeldt et al., 2007 : Silage 4 3.80 0.4200 4 2.40 0.4200 = 2.90 [0.51;5.28] 2.7% 4.0%
Steenfeldt et al., 2007 : Silage 4 3.90 0.4200 4 2.40 0.4200 3.10 [0.61; 5.60] 2.4% 3.8%
Steenfeldt et al., 2007 : Carrot 4 3.60 0.4200 4 2.40 0.4200 = 2.48 [0.32; 4.64] 3.3% 4.6%
Common effect model 12 12 i 2.80 [1.45; 4.14] 8.4% .
Overall Effect e 2.80 [ 1.45; 4.14] 12.4%
Heterogeneity: /% = 0%, i = 0, p = 0.9287
Housing =C
Johannson et al., 2016 : Silage 4 3.85 0.0552 4 3.74 0.0552 = 1.73 [-0.07; 3.54] 4.7% 5.7%
Johannson et al., 2016 : Silage 4 3.99 0.0226 4 3.93 0.0226 = 2.31 [0.23; 4.38] 3.5% 4.8%
Common effect model 8 8 i 1.98 [ 0.62; 3.34] 8.2% .
Overall Effect e 1.98 [ 0.62; 3.34] 10.5%
Heterogeneity: I° = 0%, ©* = 0, p = 0.6818
Housing = FR
Igbal et al., 2020 : Pumice stone 5 4.00 0.3332 5 4.00 0.3332 —E 0.00 [-1.24; 1.24] 9.9% 8.1%
Igbal et al., 2020 : Pumice stone 5 4.00 0.3332 5 4.00 0.3332 —. — 0.00 [-1.24; 1.24] 9.9% 8.1%
Igbal et al., 2020 : Pumice stone 5 3.98 0.3332 5 3.96 0.3332 — 0.05 [-1.19; 1.29] 9.9% 8.1%
Igbal et al., 2020 : Pumice stone 5 3.84 0.3332 5 3.71 0.3332 + 0.35 [-0.90; 1.61] 9.7% 8.0%
Igbal et al., 2020 : Pumice stone 5 3.36 0.3332 5 2.29 0.3332 L—-— 2.90 [0.87;4.93] 3.7% 5.0%
Igbal et al., 2020 : Pumice stone 5 2.68 0.3332 5 2.26 0.3332 L 1.14 [-0.25; 2.53] 7.9% 7.4%
Igbal et al., 2020 : Pumice stone 4 4.00 0.2300 4 4.00 0.2300 — 0.00 [-1.39; 1.39] 7.9% 7.4%
Igbal et al., 2020 : Pumice stone 4 3.93 0.2300 4 3.96 0.2300 —— -0.11 [-1.50; 1.27] 7.9% 7.4%
Igbal et al., 2020 : Pumice stone 4 3.42 0.2300 4 3.66 0.2300 —-—F -0.91 [-2.42; 0.61] 6.7% 6.8%
Igbal et al., 2020 : Pumice stone 4 3.61 0.2300 4 3.65 0.2300 —— -0.15 [-1.54; 1.24] 7.9% 7.4%
Igbal et al., 2020 : Pumice stone 2 3.09 0.1626 2 3.36 0.1626 -0.94 [-3.62; 1.75] 21% 3.4%
Common effect model 48 48 -»> 0.16 [-0.26; 0.59] 83.4% .
Overall Effect -> 0.16 [-0.26; 0.59] T71%
Heterogeneity: 2= 17.4%, “=<0 0001, p = 0.2780
Common effect model 68 68 g 0.53 [ 0.14; 0.92] 100.0% .
Overall Effect ‘ | - ‘ | 0.71 [ 0.13; 1.28] 100.0%
4 2 0 2 4

Heterogeneity: 1? =50.8%, - = 0.6698, p =0. 0103 Standardized Mean Difference
Test for subgroup differences (common effect): / = 18.05, df = 2 (p = 0.0001)

Test for subgroup differences (random effects): y; = 18.05, df = 2 (p = 0.0001)

Fig. 6. Forest plot of the effects of environmental enrichment on wing feather condition in laying hens, stratified by housing system.
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7 = 0.6698, P = 0.0103). 3PNt 319] 15 B4 A}, AR 7Rl frolgt E3E HolA] gFkom(SMD = 0.36; 95%
A e e B4 AT ZyolA Fo3 oldA e & CL: —0.01 to 0.74), A7 3t o] Fd2 ZRI=|A] LUTHE =
e 2] SkThFig. 6). 0.0%, 1 = 0, P = 0.9022).
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Experimental Control
Study Total Mean SD Total Mean sD
Steenfeldt et al., 2007 : Silage 4 3.80 0.6600 4 260 0.6600
Steenfeldt et al., 2007 : Silage 4 3.80 0.6600 4 260 0.6600
Steenfeldt et al, 2007 : Carrot 4 310 06600 4 260 06600
Igbal et al., 2020 : Pumice stone 5 400 04852 5 400 04852
Igbal et al., 2020 : Pumice stone 5 4.00 04852 5 4.00 04852
Igbal et al., 2020 : Pumice stone 5 396 04852 5 3.90 04852
Igbal et al., 2020 - Pumice stone 5 358 04852 5 361 04852
Igbal et al., 2020 : Pumice stone 5 312 04852 5 258 04852
Igbal et al., 2020 : Pumice stone 5 247 04852 5 218 04852
Igbal et al., 2020 - Pumice stone 4 400 07980 4 400 07980
Igbal et al., 2020 : Pumice stone 4 399 0.7980 4 379 0.7980
Igbal et al., 2020 - Pumice stone 4 30107980 4 277 07980
Igbal et al., 2020 : Pumice stone 4 287 0.7980 4 261 07980
Igbal et al., 2020 : Pumice stone 2 22105643 2 2.39 05643
Common effect model 60 60

Overall Effect

Heterogeneity: = 0.0%, %= 0, p =0.8022

Fig. 7. Forest plot of the effects of environmental enrichment on vent feather condition

Experimental Control
Study Total Mean SD Total Mean SD
Steenfeldt et al., 2007 : Silage 4 18.30 2.4800 4 13.90 2.4800
Steenfeldt et al., 2007 : Silage 4 19.20 2.4800 4 13.90 2.4800
Steenfeldt et al., 2007 : Carrot 4 16.30 2.4800 4 13.90 2.4800
Alm et al,, 2016 : Silage 4 11.10 0.0200 4 11.40 0.0200
Johannson et al, 2016 : Silage 4 1716 03912 4 1341 03912
Johannson et al, 2016 - Mussel shell 4 1783 02038 4 16.70 0.2038
Bari et al, 2020a : Ball bottler brick etc 3 24.00 0.0000 3 24.00 0.0000
Bari et al., 2020a : Ball bottler brick etc 3 23.95 0.0000 3 24.00 0.0000
Bari et al,, 2020a : Ball bottler brick etc 3 2359 00310 3 23.36 0.0490
Bari et al., 2020a : Ball bottler brick etc 3 23.43 0.0350 3 2298 0.0640
Bari et al., 2020a : Ball bottler brick etc 3 22.78 0.0660 3 21.22 0.1080
Oddon et al, 2024 : Larvae 3 2368 04120 3 2262 06180
Oddon et al, 2024 : Larvae 3 20.21 05588 3 19.97 04706
Oddon et al, 2024 : Larvae 6 22.10 0.6369 6 21.40 0.6369
Common effect model 51 51

Overall Effect

Heterogeneity: I* = 64.1%, t* < 0.0001, p = 0.0012
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Fig. 8. Forest plot of the effect of environmental enrichment on overall feather score in laying hens.
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Standardised Mean Weight Weight
Difference SMD 95%-Cl (common) (random)
L 1.58 [-0.16; 3.32] 4.6% 4.6%
L 1.71 [0.09; 3.51] 4.3% 4.3%
— 066 [0.80;211] 6.6% 6.6%
—a— 0.00 [-1.24;1.24] 9.1% 9.1%
—— 0.00 [-1.24;1.24] 9.1% 9.1%
—— 011 [1.13;1.35] 9.0% 9.0%
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} 1.00 [-0.35; 2.36] 7.5% 7.5%
; 0.54 [0.74;1.81] 8.6% 8.6%
—— 0.00 [-1.39;1.39] 72% 7 2%
—a— 0.22 [1.18; 1.61] 7.2% 72%
:‘:: 026 [-1.14;1.66] 7 1% 7 1%
= 0.28 [-1.12; 1.68] 71% 71%
4-% -0.18 [2.17;1.81] 3.5% 3.5%
I
|
[ 0.36 [-0.01; 0.74]  100.0% .
— OI — 0.36 [-0.01; 0.74] 100.0%
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6.96 [ 0.44;13.48] 0.9% 0.9%
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
Housing =F !
Steenfeldt et al , 2007 4 1830 2 4800 4 1390 2 4800 154 [-019; 327] 133% 133%
Steenfeldt et al , 2007 4 1920 2 4800 4 1390 2 4800 186 [-000; 372] 11.4% 114%
Steenfeldt et al , 2007 4 16.30 2.4800 4 1390 24800 084 [-065; 2.34] 17.7% 17.7%
Alm et al, 2016 4 11.10 0.0200 4 1140 00200 ——— |} -13.03 [-21.85;-4.21] 0.5% 0.5%
(Oddon et al,, 2024 3 2368 04120 3 2262 06180 161 [-0586; 3.78] 8.4% 8.4%
QOddon et al, 2024 3 2021 05588 3 1997 04706 037 [-126; 201] 14 8% 14 8%
QOddon et al, 2024 6 2210 06369 f 2140 06369 101 [-022; 225] 26 1% 26 1%
Common effect model 28 28 L 1.03 [ 0.38; 1.69] 92.3% .
Overall Effect_ } L 1.03 [ 0.38; 1.69] . 92.3%
Heterogeneity: I” = 49.2%, t° = < 0.0001, p = 0.0663
Housing=C
Johannson et al,, 2016 4 17.16 0.3912 4 1341 03912 — 8.33 [ 2.59;14.06] 1.2% 1.2%
Johannson et al,, 2016 4 17.83 0.2038 4 1670 0.2038 = 482 [131; 832 32% 32%
Common effect model 8 8 E 5.77 [ 2.78; 8.76] 4.4% .
Overall Effect_ - 5.81 [ 2.71; 8.90] . 4.4%
Heterogeneity: P =4.5%, = =0.2748, p = 03063
Housing =FR
Bari et al,, 2020a 3 24.00 0.0000 3 24.00 0.0000 0.0% 0.0%
Bari et al,, 2020a 3 23.95 0.0000 3 24.00 0.0000 0.0% 0.0%
Bari et al,, 2020a 3 2359 0.0310 3 2336 0.0490 = 448 [ 0.11; 8.84] 21% 2.1%
Bari et al., 2020a 3 2343 0.0350 3 2298 0.0640 6.96 [ 0.44;13.48] 0.9% 0.9%
Bari et al , 2020a 3 2278 00660 3 2122 01080 F—————— 1391 [ 118; 26 64] 02% 02%
Common effect model 15 15 E 590 [ 2.41; 9.39] 3.3% .
Overall Effect_ . = 590 [ 2.41; 9.39] . 3.3%
Heterogeneity: I” = 1.5%, ™ = < 0.0001, p = 0.3623
Common effect model 51 51 140 [ 0.77; 2.03] 100.0% .
Overall Effect | | : | 1.40 [ 0.77; 2.03] . 100.0%

} ) 20 10 0 10 20
Heterogeneity: /* =64.1%, t° < 0.0001, p = 0.0012 Standardized Mean Difference
Test for subgroup differences (common effect): ;,:; =15.77,df =2 (p = 0.0004)
Test for subgroup differences (random effects): IZ =15.35, df = 2 (p = 0.0005)
Fig. 9. Forest plot of the effects of environmental enrichment on overall feather score in laying hens, stratified by housing system.

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%.-Cl| (common) (random)

1.39 0.0810 : 200 [4.43; 042
Bari et al., 2020a : Ball bottler brick etc 1.71 0.0690 2.16 0.0880 4.45 [-8.82;,-0.11
Bari et al., 2020a : Ball bottler brick etc 1.36 0.0630 1.47 0.0750 1.29 [3.27; 0.69

3 3 | 6.4% 14.2%
3 3 1
3 3 ]

Bari et al,, 2020a : Ball bottler brick etc 3 1.00 0.0800 3 116 0.0810 -1.67 [-3.88; 053] 7.8% 15.5%
3 3 ]
3 3 ]
4 4 1

2.0% 6.8%
9.6% 16.9%

Bari et al., 2020a : Ball bottler brick etc 1.21 0.0630

Bari et al,, 2020a : Ball bottler brick efc 0.56 0.0680 0.84 0.0730 -3.21 [6.53; 0.12] 34% 9.9%
Bari et al, 2020b : Ball bottler brick etc -274 [-570; 022

0.48 0.1200 0.91 0.1300 4.3% 11.4%

Moss et al, 2024 : Hanging CD 14 004 00673 14 000 0.0673 052 [-0.24; 1.27 66.4% 25.4%
Common effect model 32 32 -0.36 [-0.97; 0.26] 100.0%

-
Overall Effect_ - -1.56 [-2.86; -0.26] . 100.0%
Heterogeneity: /© = 66.5% =1 5896, p = 0.0065
-5 0 5
Standardized Mean Difference

Fig. 10. Forest plot of the effect of environmental enrichment on the number of comb wounds in laying hens.
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Standardised Mean
Difference

Experimental Control
Study Total Mean SD Total Mean sD
Housing = FR
Bari et al., 2020a : Ball bottler brick etc 3 1.21 0.0630 3 1.39 0.0810
Bari et al., 2020a : Ball bottler brick etc 3 1.71 0.0690 3 2.16 0.0880
Bari et al., 2020a : Ball bottler brick etc 3 1.36 0.0630 3 1.47 0.0750
Bari et al., 2020a : Ball bottler brick etc 3 1.00 0.0800 3 1.16 0.0810
Bari et al., 2020a : Ball bottler brick etc 3 0.56 0.0680 3 0.84 0.0730
Bari et al., 2020b : Ball bottler brick etc 3 0.48 0.1200 3 0.91 0.1300
Common effect model 18 18
Overall Effect
Heterogeneity: 1> = 0%, ©° = 0, p = 0.7719
Housing=C
Moss et al., 2024 : Hanging CD 14 0.04 0.0673 14 0.00 0.0673
Common effect model 32 32

Overall Effect

Heterogeneity: 1? = g6. 5%, Z=1. 5896, p = 00065

Test for subgroup differences (common effect): ,4 =15.37, df =1 (p <0.0001)
Test for subgroup differences (random effects). ¢} = 15.37, df = 1 (p < 0.0001)

-
-

4
-

-5 0 5
Standardized Mean Difference

57

Weight Weight
SMD 95%-Cl (common) (random)
-2.00 [-4.43; 0.42] 6.4% 14.2%
-4.46 [-8.82;-0.11] 2.0% 6.8%
-1.29 [-3.27; 0.69] 9.6% 16.9%
-1.67 [-3.88; 0.53] 7.8% 15.5%
-3.21 [-6.53; 0.12] 3.4% 9.9%
-2.74 [-5.70; 0.22] 4.3% 11.4%
-2.09 [-3.15; -1.03] 33.6% .
-2.09 [-3.15; -1.03] . 74.6%
0.52 [-0.24; 1.27] 66.4% 25.4%
-0.36 [-0.97; 0.26] 100.0% .
-1.56 [-2.86; -0.26] 100.0%

Fig. 11. Forest plot of the effects of environmental enrichment on comb wounds in laying hens

Study

Bari et al, 2020a
Bar etal , 2020a

Barietal., 2020a :
Bari et al,, 2020a :
Bari etal., 2020a :
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Igbal et al., 2020 -
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Igbal et al., 2020 :
lgbal et al., 2020 -
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Igbal et al , 2020 -
Igbal et al., 2020
Igbal et al., 2020 :
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Igbal et al., 2020 -
Moss et al., 2024 :
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Pumice stone
Pumice stone
Pumice stone
Pumice stone
Pumice stone
Pumice stone
Pumice stone
Hanging CD

Common effect model

Overall Effect_

Heterogeneity: I° = 4.5%,

< 0.0001, p

Experimental
Total Mean SD Total Mean
3 157 0.0070 3 156
3 155 00070 3 153
3 1.45 0.0090 3 145
3 146 00090 3 144
3 154 00120 3 150
3 158 0.0200 3 154
5 152 01275 5 152
5 166 01275 5 167
5 168 01275 5 174
5 17201275 5 176
5 1.70 01275 5 173
5 170 0.1275 5 178
4 165 01060 4 167
4 170 0.1060 4 174
4 1.60 0.1060 4 167
4 169 01060 4 164
2 165007350 2 184
14 164 0.0711 14 160
80 80
=0.4012

Control
sD

0.0070
0.0070
0.0080
0.0080
0.0090
0.0200
01275
01275
01275
0.1275
0.1275
01275
0.1060
0.1060
0.1060
0.1060
0.0750
0.0711

Fig. 12. Forest plot of the effect of environmental enrichment on claw length in laying hens.
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