SUPPLEMENTARY TABLES
Supplementary Table S1. Frequency of observing germinal discs and chalazas in freshly laid fertile eggs
	Group
	Total eggs
	Mean weights
	GD frequency (%)
	CHL frequency (%)

	1
	54
	57.1 ± 3.21 g
	22/54 (41.2)2
	12/54 (21.7)2

	2
	52
	57.3 ± 2.5 g
	2/52 (3.8)
	27/52 (51.7)


Notes: 
1 The data are presented as the mean ± standard deviations (SDs).
2 The data are presented as the numbers and mean percentages of each replicate (n = 3).
The frequency of observing the germinal disc (GD) and chalaza (CHL) through blunt- (Group 1) and point-end holes on top of eggshells (Group 2) of freshly laid eggs positioned blunt- (Group 1) and point-end up (Group 2) was investigated.
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Supplementary Table S2. Frequency of observing germinal discs and chalazas in the eggs positioned for 24 h
	Group
	Total eggs
	Mean weights
	GD frequency (%)
	CHL frequency (%)

	1
	33
	56.9 ± 3.11 g
	18/33 (54.6)2
	4/33 (11.9)2

	2
	33
	57.2 ± 2.7 g
	10/33 (30.3)
	12/33 (36.4)

	3
	32
	57.5 ± 3.1 g
	2/32 (6.1)
	16/32 (49.4)

	4
	31
	57.7 ± 3.7 g
	0/31 (0)
	19/31 (61.8)


Notes:
1 The data are presented as the mean ± SDs.
2 The data are presented as the numbers and mean percentages of each replicate (n = 3).
The frequency of observing the GD and CHL in the eggs through blunt- (Groups 1 and 3) and point-end holes on top of eggshells (Groups 2 and 4) of eggs positioned blunt- (Group 1), point- (Group 2), and side-end up (Groups 3 and 4) for 24 h was investigated.

Supplementary Table S3. Frequency of observing germinal discs and chalazas in the eggs positioned for 48 h
	Group
	Total eggs
	Mean weights
	GD frequency (%)
	CHL frequency (%)

	1
	34
	57.9 ± 2.91 g
	24/34 (71.2)2
	1/34 (2.8)2

	2
	34
	57.0 ± 2.5 g
	12/34 (35.7)
	6/34 (15.4)

	3
	32
	56.9 ± 3.6 g
	0/32 (0)
	20/32 (61.8)

	4
	34
	57.2 ± 2.7 g
	0/34 (0)
	24/34 (69.5)


Notes:
1 The data are presented as the mean ± SDs.
2 The data are presented as the numbers and mean percentages of each replicate (n = 3).
The frequency of observing the GD and CHL through blunt- (Groups 1 and 3) and point-end holes on top of eggshells (Groups 2 and 4) of eggs positioned blunt- (Group 1), point- (Group 2), and side-end up (Groups 3 and 4) for 48 h was investigated.

Supplementary Table S4. Frequency of observing germinal discs and chalazas in the eggs positioned for 72 h
	Group
	Total eggs
	Mean weights
	GD frequency (%)
	CHL frequency (%)

	1
	32
	58.3 ± 2.41 g
	25/32 (78.1)2
	0/32 (0)2

	2
	30
	57.2 ± 2.4 g
	14/30 (44.4)
	5/30 (18.5)

	3
	34
	56.8 ± 3.3 g
	0/34 (0)
	28/34 (83.3)

	4
	29
	58.1 ± 2.7 g
	1/29 (3.3)
	23/29 (78.9)


Notes:
1 The data are presented as the mean ± SDs.
2 The data are presented as the numbers and mean percentages of each replicate (n = 3).
The frequency of observing the GD and CHL through blunt- (Groups 1 and 3) and point-end holes on top of eggshells (Groups 2 and 4) of eggs positioned blunt- (Group 1), point- (Group 2), and side-end up (Groups 3 and 4) for 72 h was investigated.

Supplementary Table S5. Frequency of observing germinal discs and chalazas in the eggs positioned for 96 h
	Group
	Total eggs
	Mean weights
	GD frequency (%)
	CHL frequency (%)

	1
	33
	57.8 ± 2.91 g
	27/33 (82.3)2
	1/33 (3)2

	2
	34
	57.1 ± 2.2 g
	24/34 (70.6)
	3/34 (8.3)

	3
	34
	56.7 ± 3.4 g
	0/34 (0)
	28/34 (81.7)

	4
	32
	56.6 ± 2.7 g
	0/32 (0)
	29/32 (90.9)


Notes:
1 The data are presented as the mean ± SDs.
2 The data are presented as the numbers and mean percentages of each replicate (n = 3).
The frequency of observing the GD and CHL through blunt- (Groups 1 and 3) and point-end holes on top of eggshells (Groups 2 and 4) of eggs positioned blunt- (Group 1), point- (Group 2), and side-end up (Groups 3 and 4) for 96 h was investigated.

Supplementary Table S6. Observation frequency of germinal discs and hatching rates of the eggs positioned for 24 h
	Group
	Total eggs
	Mean weights
	GD frequency (%)
	Hatching rates (%)

	1
	33
	58.3 ± 2.11 g
	15/33 (45.5)2
	1/15 (5.6)2

	2
	34
	58.6 ± 2.0 g
	5/34 (16.1)
	0/5 (0)

	3
	30
	57.5 ± 2.3 g
	20/30 (66.7)
	0/20 (0)


Notes:
1 The data are presented as the mean ± SDs.
2 The data are presented as the numbers and mean percentages of each replicate (n = 3).
The frequency of observing the GD through blunt- (Group 1), point- (Group 2), and side-end holes (Group 3) of the eggs positioned blunt- (Group 1), point- (Group 2), and side-end up (Group 3) for 24 h was investigated. If the disc could be observed through the hole, the eggs were sealed with parafilm and incubated together with the control group, and the hatching rates are presented.
Supplementary Table S7. Observation frequency of germinal discs and hatching rates of the eggs positioned for 96 h
	Group
	Total eggs
	Mean weights
	GD frequency (%)
	Hatching rates (%)

	1
	35
	58.1 ± 2.81 g
	26/35 (73.7)2
	1/26 (2.8)2

	2
	38
	57.6 ± 3.0 g
	20/38 (52.6)
	0/20 (0)

	3
	35
	57.7 ± 2.6 g
	30/35 (84.7)
	0/30 (0)


Notes:
1 The data are presented as the mean ± SDs.
2 The data are presented as the numbers and mean percentages of each replicate (n = 3).
The frequency of observing the GD through blunt- (Group 1), point- (Group 2), and side-end holes (Group 3) of the eggs positioned blunt- (Group 1), point- (Group 2), and side-end up (Group 3) for 96 h was investigated. If the disc could be observed through the hole, the eggs were sealed with parafilm and incubated together with the control group, and the hatching rates are represented.


Supplementary Table S8. Information on the donor and surrogate eggs used in the one-step surrogate method
	
	Total eggs
	Mean weights
	Mean differences
	Hatching rates (%)

	Donor
	58
	57.6 ± 2.41 g
	10.0 ± 0.72 g
	7/58 (11.8)3


Notes:
1 The data are presented as the mean ± SDs.
2 The data (weight of each surrogate – each donor egg) are presented as the mean ± SDs.
3 The data are presented as the numbers and mean percentages of each replicate (n = 5).
The number and mean weight of the donor eggs, the mean difference in weight between the surrogate and donor eggs, and the hatching rates obtained with the one-step surrogate eggshell incubation method are presented.

Supplementary Table S9. Information on donor and surrogate eggs used in the two-step surrogate method
	
	Total eggs
	Mean weights
	Mean differences
	Hatching rates (%)

	Donor
	77
	57.2 ± 1.71 g
	10.0 ± 0.12 g
	51/77 (70)3


Notes:
1 The data are presented as the mean ± SDs.
2 The data (weight of each surrogate – each donor egg) are presented as the mean ± SDs.
3 The data are presented as the numbers and mean percentages of each replicate (n = 5).
The number and mean weight of the donor eggs, the mean difference in weight between the second surrogate and donor eggs, and the hatching rates obtained with the improved two-step surrogate eggshell incubation method are presented (n=5).
[bookmark: _GoBack]The mean difference in weight between the first and donor eggs was 4.1 ± 0.2 g.
