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Supplementary tables
Table S1. Audit of the analytical sheet
	Audit item
	Result
	Analytical decision

	Labelled animal rows
	287; identifiers 1–287
	All included

	Required numeric missingness
	0
	Complete-case analysis used all 287 records

	Duplicate profiles excluding the identifier
	0
	No record removed as duplicate

	Labelled sex
	177 male; 110 female
	Derived from Sexe text label

	Female physiological state
	Complete in 110/110
	Derived from Etat physiologique text label

	Auxiliary SEXE code
	146/287 agreement if 1=male, 2=female
	Excluded as row-misaligned

	Auxiliary AGE and ETAT PHYSIO codes
	Inconsistent/incomplete relative to labelled rows
	Excluded

	Age-class derivation
	37, 103, 93, 54
	Calculated from age in months using ≤12, >12–24, >24–36, >36–60

	Animals recorded exactly at 12 months
	11
	Included in the ≤12 class; excluded from >12 sensitivity subset


Table S2. Sample composition by age class and sex
	Age class (months)
	Males
	Females
	Total

	≤12
	21
	16
	37

	>12–24
	64
	39
	103

	>24–36
	54
	39
	93

	>36–60
	38
	16
	54

	Total
	177
	110
	287


Age was recorded in whole months. The first class includes animals at exactly 12 months.





Table S3. Descriptive statistics, unadjusted sex differences and standardised effects
	Trait
	Overall
	CV (%)
	Range
	Males
	Females
	M − F (95% CI)
	Holm P
	Cohen d (95% CI)

	Live weight (kg)
	51.31 ± 16.66
	32.5
	11.6–108.4
	56.11 ± 17.65
	43.59 ± 11.31
	+12.52 (9.15, 15.88)
	<0.001
	0.81 (0.60, 1.04)

	Poll-to-buttock length (cm)
	120.61 ± 13.92
	11.5
	65.3–152.3
	122.56 ± 14.57
	117.47 ± 12.24
	+5.09 (1.94, 8.24)
	0.015
	0.37 (0.14, 0.62)

	Scapulo-ischial length (cm)
	72.70 ± 9.26
	12.7
	42.8–95.7
	73.84 ± 10.19
	70.88 ± 7.21
	+2.96 (0.93, 4.98)
	0.024
	0.32 (0.10, 0.56)

	Chest girth (cm)
	85.91 ± 12.11
	14.1
	49.6–129.1
	87.22 ± 12.71
	83.79 ± 10.80
	+3.43 (0.66, 6.19)
	0.046
	0.29 (0.06, 0.52)

	Height at withers (cm)
	77.63 ± 7.90
	10.2
	48.9–98.8
	78.78 ± 8.66
	75.78 ± 6.09
	+3.00 (1.29, 4.72)
	0.007
	0.39 (0.16, 0.62)

	Height at back (cm)
	74.81 ± 7.99
	10.7
	43.9–97.6
	75.73 ± 8.59
	73.33 ± 6.68
	+2.40 (0.62, 4.19)
	0.034
	0.30 (0.07, 0.54)

	Height at rump (cm)
	77.10 ± 8.42
	10.9
	47.3–96.4
	78.17 ± 9.16
	75.38 ± 6.77
	+2.79 (0.93, 4.65)
	0.024
	0.34 (0.12, 0.57)

	Neck length (cm)
	32.22 ± 5.35
	16.6
	17.6–46.1
	32.51 ± 5.82
	31.74 ± 4.46
	+0.77 (−0.43, 1.97)
	0.415
	0.14 (−0.08, 0.37)

	Head length (cm)
	26.69 ± 3.40
	12.7
	16.6–35.6
	27.38 ± 3.73
	25.56 ± 2.40
	+1.82 (1.11, 2.54)
	<0.001
	0.55 (0.33, 0.79)

	Ear length (cm)
	19.83 ± 3.64
	18.3
	11.9–35.7
	20.31 ± 3.88
	19.06 ± 3.06
	+1.26 (0.44, 2.07)
	0.021
	0.35 (0.13, 0.57)

	Pelvic length (cm)
	23.69 ± 3.23
	13.6
	13.3–37.4
	24.10 ± 3.47
	23.03 ± 2.70
	+1.07 (0.35, 1.79)
	0.024
	0.34 (0.11, 0.56)

	Chest depth (cm)
	35.63 ± 5.11
	14.3
	20.1–51.4
	36.56 ± 5.56
	34.12 ± 3.85
	+2.44 (1.35, 3.54)
	<0.001
	0.49 (0.27, 0.72)

	Neck circumference (cm)
	32.53 ± 6.66
	20.5
	16.4–53.4
	34.78 ± 7.01
	28.91 ± 3.96
	+5.87 (4.60, 7.15)
	<0.001
	0.97 (0.76, 1.21)

	Tail length (cm)
	41.61 ± 6.96
	16.7
	26.4–65.6
	41.90 ± 6.94
	41.13 ± 7.00
	+0.77 (−0.90, 2.44)
	0.415
	0.11 (−0.13, 0.36)

	Horn length (cm)
	17.90 ± 15.98
	89.3
	0.0–54.7
	28.77 ± 10.14
	0.42 ± 2.00
	+28.35 (26.80, 29.90)
	<0.001
	3.52 (3.14, 4.02)

	Cannon-bone circumference (cm)
	10.79 ± 1.40
	13.0
	7.3–15.4
	11.04 ± 1.47
	10.40 ± 1.17
	+0.64 (0.33, 0.95)
	<0.001
	0.47 (0.25, 0.70)


Values are mean ± SD unless otherwise stated. Cohen d confidence intervals are nonparametric bootstrap percentile intervals (5,000 resamples). HoL is structurally zero in most polled females.
Table S4. Descriptive statistics by department
	Trait
	Diamaré (n=95)
	Bénoué (n=91)
	Mayo-Rey (n=52)
	Mayo-Louti (n=49)
	ANOVA P

	Live weight (kg)
	51.68 ± 15.59 (30.2)
	49.55 ± 15.31 (30.9)
	46.69 ± 13.86 (29.7)
	58.79 ± 21.16 (36.0)
	0.002

	Poll-to-buttock length (cm)
	121.77 ± 13.11 (10.8)
	118.87 ± 15.21 (12.8)
	119.20 ± 12.57 (10.5)
	123.07 ± 14.12 (11.5)
	0.246

	Scapulo-ischial length (cm)
	74.24 ± 9.32 (12.6)
	70.55 ± 9.04 (12.8)
	71.26 ± 8.16 (11.5)
	75.25 ± 9.74 (12.9)
	0.005

	Chest girth (cm)
	83.91 ± 9.81 (11.7)
	87.89 ± 13.66 (15.5)
	83.47 ± 12.40 (14.9)
	88.69 ± 11.94 (13.5)
	0.020

	Height at withers (cm)
	78.39 ± 7.39 (9.4)
	76.68 ± 7.97 (10.4)
	76.57 ± 7.78 (10.2)
	79.03 ± 8.69 (11.0)
	0.197

	Height at back (cm)
	75.32 ± 6.99 (9.3)
	74.37 ± 8.25 (11.1)
	73.32 ± 8.22 (11.2)
	76.21 ± 8.94 (11.7)
	0.267

	Height at rump (cm)
	77.48 ± 7.67 (9.9)
	76.61 ± 8.13 (10.6)
	75.68 ± 9.31 (12.3)
	78.78 ± 9.25 (11.7)
	0.269

	Neck length (cm)
	32.21 ± 5.15 (16.0)
	30.69 ± 5.44 (17.7)
	32.74 ± 5.12 (15.6)
	34.51 ± 5.00 (14.5)
	<0.001

	Head length (cm)
	26.65 ± 3.35 (12.6)
	25.71 ± 3.14 (12.2)
	26.84 ± 3.43 (12.8)
	28.40 ± 3.33 (11.7)
	<0.001

	Ear length (cm)
	20.99 ± 3.73 (17.8)
	19.44 ± 3.41 (17.6)
	18.51 ± 2.92 (15.8)
	19.71 ± 3.96 (20.1)
	<0.001

	Pelvic length (cm)
	24.05 ± 3.60 (15.0)
	23.32 ± 3.04 (13.1)
	23.58 ± 3.10 (13.2)
	23.82 ± 2.95 (12.4)
	0.485

	Chest depth (cm)
	35.72 ± 4.97 (13.9)
	34.14 ± 4.93 (14.4)
	35.92 ± 5.25 (14.6)
	37.89 ± 4.76 (12.6)
	<0.001

	Neck circumference (cm)
	31.63 ± 5.98 (18.9)
	31.53 ± 5.86 (18.6)
	32.01 ± 7.14 (22.3)
	36.69 ± 7.38 (20.1)
	<0.001

	Tail length (cm)
	41.17 ± 6.38 (15.5)
	40.95 ± 6.96 (17.0)
	41.84 ± 6.61 (15.8)
	43.43 ± 8.20 (18.9)
	0.205

	Horn length (cm)
	18.72 ± 16.36 (87.4)
	16.18 ± 14.94 (92.3)
	12.79 ± 16.20 (126.7)
	24.95 ± 14.62 (58.6)
	<0.001

	Cannon-bone circumference (cm)
	10.74 ± 1.14 (10.7)
	10.59 ± 1.49 (14.1)
	10.80 ± 1.25 (11.6)
	11.26 ± 1.72 (15.3)
	0.057


Cells are mean ± SD (coefficient of variation, %). One-way ANOVA is descriptive; no post-hoc departmental ranking is inferred.
Table S5. Physiological state of sampled females
	State
	n
	%
	LW (kg)
	Age (months)
	NC (cm)
	CG (cm)

	Non-pregnant, non-lactating
	61
	55.5
	46.73 ± 8.92
	28.33 ± 9.94
	29.51 ± 3.80
	86.52 ± 8.97

	Nulliparous
	18
	16.4
	29.78 ± 6.99
	11.06 ± 2.48
	25.47 ± 3.03
	70.80 ± 7.90

	Pregnant
	19
	17.3
	49.75 ± 7.88
	27.74 ± 8.80
	30.78 ± 2.97
	88.97 ± 7.48

	Lactating
	12
	10.9
	38.62 ± 14.05
	26.33 ± 11.27
	28.09 ± 4.45
	81.22 ± 12.57


Adding physiological state to the female model (CG, HL, NC, PBL) increased apparent R² from 0.648 to 0.689; partial F(3, 102) = 4.40, P = 0.006. This is an in-sample secondary analysis.
Table S6. Sensitivity model using age in months as a single linear covariate
	Trait
	Adjusted male coefficient (95% CI)
	P
	Model R²

	Live weight
	+9.62 (6.77, 12.46)
	<0.001
	0.526

	Neck circumference
	+4.93 (3.67, 6.18)
	<0.001
	0.420

	Height at withers
	+1.99 (0.46, 3.53)
	0.011
	0.384

	Scapulo-ischial length
	+1.62 (−0.18, 3.42)
	0.077
	0.387

	Chest girth
	+1.62 (−0.80, 4.03)
	0.189
	0.352


Model: trait ~ sex + age in months + department. Because significant sex-by-age-class interactions were found in the primary model, these single coefficients are retained only as sensitivity summaries.
Table S7. Age-specific adjusted male–female contrasts and global interaction tests
	Trait
	Age class
	M − F (95% CI)
	Contrast P
	Global interaction F
	Global interaction P

	Live weight
	≤12
	−0.01 (−7.27, 7.25)
	0.998
	6.12
	<0.001

	Live weight
	>12–24
	+9.21 (4.76, 13.67)
	<0.001
	6.12
	<0.001

	Live weight
	>24–36
	+9.42 (4.83, 14.02)
	<0.001
	6.12
	<0.001

	Live weight
	>36–60
	+20.91 (14.39, 27.42)
	<0.001
	6.12
	<0.001

	Neck circumference
	≤12
	+1.01 (−2.26, 4.28)
	0.543
	4.31
	0.005

	Neck circumference
	>12–24
	+6.18 (4.18, 8.19)
	<0.001
	4.31
	0.005

	Neck circumference
	>24–36
	+3.77 (1.70, 5.84)
	<0.001
	4.31
	0.005

	Neck circumference
	>36–60
	+8.18 (5.25, 11.11)
	<0.001
	4.31
	0.005

	Height at withers
	≤12
	−3.97 (−7.94, 0.00)
	0.050
	4.88
	0.003

	Height at withers
	>12–24
	+2.96 (0.52, 5.40)
	0.017
	4.88
	0.003

	Height at withers
	>24–36
	+1.82 (−0.69, 4.33)
	0.155
	4.88
	0.003

	Height at withers
	>36–60
	+6.22 (2.66, 9.79)
	<0.001
	4.88
	0.003

	Scapulo-ischial length
	≤12
	−4.38 (−9.04, 0.27)
	0.065
	3.81
	0.011

	Scapulo-ischial length
	>12–24
	+1.33 (−1.53, 4.19)
	0.361
	3.81
	0.011

	Scapulo-ischial length
	>24–36
	+2.91 (−0.04, 5.86)
	0.053
	3.81
	0.011

	Scapulo-ischial length
	>36–60
	+6.02 (1.84, 10.19)
	0.005
	3.81
	0.011

	Chest girth
	≤12
	−1.13 (−7.18, 4.92)
	0.713
	5.11
	0.002

	Chest girth
	>12–24
	+0.70 (−3.02, 4.41)
	0.712
	5.11
	0.002

	Chest girth
	>24–36
	−0.48 (−4.31, 3.35)
	0.805
	5.11
	0.002

	Chest girth
	>36–60
	+11.60 (6.18, 17.03)
	<0.001
	5.11
	0.002


Primary model: trait ~ sex × age class + department. The global test has 3 and 275 degrees of freedom; it is repeated in each trait block for readability.
Table S8. Repeated-cross-validated comparison of age representations
	Trait
	Linear-age RMSE
	Class-interaction RMSE
	RMSE difference (95% CI)
	Linear-age MAE
	Class-interaction MAE
	MAE difference (95% CI)

	Live weight
	11.727
	11.219
	−0.508 (−1.135, 0.119)
	9.411
	8.864
	−0.547 (−1.107, 0.025)

	Neck circumference
	5.183
	5.045
	−0.138 (−0.365, 0.095)
	3.966
	3.932
	−0.034 (−0.233, 0.167)

	Height at withers
	6.331
	6.134
	−0.197 (−0.507, 0.120)
	5.090
	4.872
	−0.218 (−0.494, 0.063)

	Scapulo-ischial length
	7.419
	7.194
	−0.224 (−0.613, 0.166)
	5.840
	5.582
	−0.258 (−0.590, 0.066)

	Chest girth
	9.973
	9.367
	−0.606 (−1.096, −0.117)
	7.887
	7.310
	−0.578 (−1.035, −0.121)


Differences are age-class-interaction minus linear-age error; negative values favour the age-class interaction model. Both models used identical repeated 10 × 10-fold partitions. Confidence intervals resampled animals while preserving their paired repeated predictions.
Table S9. Pooled correlations and simple live-weight regressions
	Measurement
	r
	95% CI
	Equation
	R²
	RSE (kg)
	Range (cm)

	Neck circumference
	0.800
	0.754, 0.838
	LW = −13.729 + 1.999×NC
	0.639
	10.02
	16.4–53.4

	Scapulo-ischial length
	0.795
	0.748, 0.834
	LW = −52.659 + 1.430×SIL
	0.632
	10.12
	42.8–95.7

	Height at back
	0.772
	0.720, 0.815
	LW = −69.068 + 1.609×HB
	0.596
	10.61
	43.9–97.6

	Chest girth
	0.770
	0.718, 0.813
	LW = −39.699 + 1.059×CG
	0.593
	10.65
	49.6–129.1

	Poll-to-buttock length
	0.757
	0.703, 0.802
	LW = −57.937 + 0.906×PBL
	0.573
	10.91
	65.3–152.3

	Height at withers
	0.755
	0.701, 0.801
	LW = −72.309 + 1.592×HW
	0.570
	10.94
	48.9–98.8

	Chest depth
	0.747
	0.691, 0.794
	LW = −35.565 + 2.439×CD
	0.559
	11.09
	20.1–51.4

	Cannon-bone circumference
	0.719
	0.658, 0.771
	LW = −41.096 + 8.561×CC
	0.517
	11.60
	7.3–15.4

	Pelvic length
	0.708
	0.645, 0.761
	LW = −35.206 + 3.652×PL
	0.501
	11.78
	13.3–37.4

	Height at rump
	0.699
	0.635, 0.754
	LW = −55.323 + 1.383×HR
	0.489
	11.93
	47.3–96.4

	Head length
	0.698
	0.634, 0.753
	LW = −39.976 + 3.421×HL
	0.488
	11.95
	16.6–35.6

	Ear length
	0.644
	0.570, 0.707
	LW = −7.162 + 2.949×EL
	0.414
	12.77
	11.9–35.7

	Tail length
	0.588
	0.506, 0.659
	LW = −7.175 + 1.406×TL
	0.345
	13.50
	26.4–65.6

	Neck length
	0.573
	0.490, 0.646
	LW = −6.233 + 1.786×NL
	0.329
	13.67
	17.6–46.1


All correlations and slopes had P < 0.001. Fisher z intervals are shown. HoL was excluded because it was structurally zero in most females.











Table S10. PCA adequacy, component retention and Ward-partition diagnostics
	Quantity / k
	Estimate
	Bootstrap ARI

	KMO
	0.952
	—

	Bartlett χ² (df=91)
	4326.3; P<0.001
	—

	PC1
	eigenvalue 9.735; 69.3%
	—

	PC2
	eigenvalue 0.823; 5.9%
	—

	k=2
	0.514
	0.469 ± 0.321

	k=3
	0.489
	0.458 ± 0.271

	k=4
	0.527
	0.634 ± 0.233

	k=5
	0.527
	0.677 ± 0.202

	k=6
	0.542
	0.723 ± 0.125


Only PC1 exceeded eigenvalue 1 in the complete sample. Silhouette width was largest at the upper tested boundary k=6. ARI is mean ± SD across 100 row-bootstrap replicates. These internal indices do not establish biological morphotypes.
Table S11. Coefficients and applicable ranges of fixed field equations
	Model
	Term
	Coefficient
	95% CI
	P
	Applicable ranges

	NC only
	Intercept
	−13.729
	−19.543, −7.915
	<0.001
	NC 16.4–53.4 cm

	NC only
	NC
	1.999
	1.824, 2.174
	<0.001
	

	NC + SIL
	Intercept
	−50.563
	−57.980, −43.145
	<0.001
	NC 16.4–53.4; SIL 42.8–95.7 cm

	NC + SIL
	NC
	1.221
	1.035, 1.407
	<0.001
	

	NC + SIL
	SIL
	0.855
	0.721, 0.989
	<0.001
	

	NC + SIL + CG
	Intercept
	−56.518
	−63.957, −49.078
	<0.001
	NC 16.4–53.4; SIL 42.8–95.7; CG 49.6–129.1 cm

	NC + SIL + CG
	NC
	0.996
	0.799, 1.193
	<0.001
	

	NC + SIL + CG
	SIL
	0.669
	0.523, 0.814
	<0.001
	

	NC + SIL + CG
	CG
	0.312
	0.195, 0.430
	<0.001
	

	Full stepwise
	Intercept
	−64.087
	−72.275, −55.899
	<0.001
	NC 16.4–53.4; SIL 42.8–95.7; CG 49.6–129.1; PBL 65.3–152.3; CC 7.3–15.4; NL 17.6–46.1 cm

	Full stepwise
	NC
	0.980
	0.773, 1.187
	<0.001
	

	Full stepwise
	SIL
	0.494
	0.298, 0.690
	<0.001
	

	Full stepwise
	CG
	0.232
	0.115, 0.349
	<0.001
	

	Full stepwise
	PBL
	0.191
	0.074, 0.308
	0.001
	

	Full stepwise
	CC
	1.409
	0.475, 2.342
	0.003
	

	Full stepwise
	NL
	−0.330
	−0.565, −0.096
	0.006
	


The range is displayed once per model. Full equations and repeated-CV performance appear in main Table 3. Coefficient intervals are ordinary least-squares intervals from all 287 animals.



Table S12. Stepwise equations by sex and age class with nested validation
	Stratum
	n
	Equation
	k
	Apparent R²
	Nested R²
	RMSE
	MAE
	MAPE (%)
	Median APE (%)

	Overall
	287
	LW = −64.087 + 0.980×NC + 0.494×SIL + 0.232×CG + 0.191×PBL + 1.409×CC − 0.330×NL
	6
	0.807
	0.790
	7.63
	6.02
	13.2
	9.9

	Males
	177
	LW = −64.872 + 0.818×SIL + 0.303×CG + 0.680×NC + 2.124×CC − 0.398×NL
	5
	0.843
	0.820
	7.46
	5.82
	11.9
	8.8

	Females
	110
	LW = −47.929 + 0.317×CG + 0.623×HL + 0.832×NC + 0.213×PBL
	4
	0.648
	0.536
	7.67
	6.16
	15.9
	12.7

	≤12
	37
	LW = −30.570 + 0.305×CG + 0.816×NC + 0.282×SIL
	3
	0.838
	0.717
	5.47
	4.62
	17.4
	14.5

	>12–24
	103
	LW = −47.257 + 1.092×NC + 0.468×SIL + 0.230×PBL
	3
	0.716
	0.685
	6.69
	4.99
	11.2
	8.0

	>24–36
	93
	LW = −43.514 + 1.165×NC + 0.721×SIL − 0.584×NL + 2.235×CC
	4
	0.640
	0.509
	8.09
	6.82
	12.5
	11.4

	>36–60
	54
	LW = −63.258 + 0.810×NC + 0.741×SIL + 0.426×CG
	3
	0.724
	0.547
	11.81
	9.31
	16.4
	11.2


Selection was repeated in every training fold. Ten folds were used except in the ≤12- and >36–60-month strata, where five folds were used. Age-stratum and sex-specific equations are exploratory.
Table S13. Predictor-selection frequency in the ten outer folds of the overall model
	Predictor
	Folds selected

	PBL
	10/10

	SIL
	10/10

	CG
	10/10

	HW
	0/10

	HB
	0/10

	HR
	0/10

	NL
	10/10

	HL
	2/10

	PL
	0/10

	CD
	0/10

	NC
	10/10

	CC
	10/10


Selection used P-to-enter = 0.05 within each training set. Predictors selected in no fold are retained in the table to document the complete candidate pool.
Table S14. Influence, coefficient sensitivity and multicollinearity diagnostics
	Term
	Full coefficient
	After Cook exclusion
	Full 95% CI
	Restricted inside CI?
	VIF

	Intercept
	−64.087
	−66.652
	−72.275, −55.899
	Yes
	—

	NC
	0.980
	0.948
	0.773, 1.187
	Yes
	2.57

	SIL
	0.494
	0.486
	0.298, 0.690
	Yes
	4.45

	CG
	0.232
	0.234
	0.115, 0.349
	Yes
	2.71

	PBL
	0.191
	0.232
	0.074, 0.308
	Yes
	3.58

	CC
	1.409
	1.065
	0.475, 2.342
	Yes
	2.30

	NL
	−0.330
	−0.245
	−0.565, −0.096
	Yes
	2.13


Cook threshold 4/n = 0.0139; 21 observations exceeded it. All main analyses retain all animals. Breusch–Pagan LM(6) = 9.13, P = 0.166.
Table S15. Leave-one-department-out validation
	Held-out department
	n
	Training-set predictors
	R²
	RMSE
	MAE
	MAPE (%)
	Median APE (%)

	Diamare
	95
	NC, CG, HL, CC, NL, CD
	0.648
	9.20
	7.49
	15.2
	13.5

	Benoue
	91
	NC, SIL, PBL, NL, CG
	0.726
	7.97
	6.07
	14.4
	9.1

	Mayo-Rey
	52
	SIL, NC, CG, CC, NL, PBL
	0.709
	7.40
	6.10
	14.5
	12.6

	Mayo-Louti
	49
	SIL, NC, CG, PBL, NL
	0.829
	8.66
	6.84
	12.2
	9.8

	Pooled
	287
	Selection repeated by held-out department
	0.744
	8.42
	6.68
	14.3
	11.4


Selection and fitting were repeated using the other three departments. Flock identifiers were unavailable, so these results do not address within-department flock clustering.
Table S16. Individual prediction intervals from the NC-only equation
	NC (cm)
	Predicted LW (kg)
	95% individual prediction interval (kg)
	Width (kg)

	17.0
	20.3
	0.3 to 40.2
	39.9

	22.1
	30.5
	10.7 to 50.4
	39.7

	27.3
	40.8
	21.0 to 60.6
	39.6

	32.4
	51.1
	31.3 to 70.9
	39.5

	37.6
	61.4
	41.6 to 81.2
	39.6

	42.7
	71.7
	51.8 to 91.5
	39.7

	47.9
	82.0
	62.0 to 101.9
	39.9

	53.0
	92.2
	72.2 to 112.3
	40.2


Representative NC values span the observed range. Individual intervals, rather than confidence intervals for mean weight, are shown.
Table S17. Paired repeated-CV comparison of NC-only and CG-only equations
	Stratum
	n
	NC R²
	CG R²
	NC RMSE
	CG RMSE
	RMSE diff. (95% CI)
	NC MAE
	CG MAE
	MAE diff. (95% CI)

	Overall
	287
	0.633
	0.586
	10.08
	10.70
	−0.62 (−1.70, 0.56)
	8.19
	8.57
	−0.37 (−1.26, 0.50)

	Males
	177
	0.598
	0.644
	11.15
	10.49
	+0.66 (−0.71, 2.11)
	9.24
	8.54
	+0.69 (−0.45, 1.81)

	Females
	110
	0.471
	0.498
	8.19
	7.98
	+0.22 (−0.76, 1.20)
	6.61
	6.44
	+0.17 (−0.70, 1.01)

	>12 months
	250
	0.558
	0.445
	9.83
	11.01
	−1.19 (−2.26, −0.00)
	7.99
	8.89
	−0.90 (−1.80, 0.02)

	>12 months, males
	156
	0.473
	0.508
	10.84
	10.48
	+0.37 (−0.97, 1.73)
	8.94
	8.66
	+0.29 (−0.86, 1.41)

	>12 months, females
	94
	0.369
	0.315
	7.80
	8.12
	−0.32 (−1.16, 0.53)
	6.46
	6.63
	−0.17 (−0.95, 0.61)


Differences are NC minus CG; negative error differences favour NC. Models used identical 10 × 10-fold partitions within every stratum. Bootstrap intervals resampled animals and retained paired repeated predictions.
Table S18. Adjusted NC and CG slopes and sex interactions
	Contrast / term
	Estimate (95% CI)
	P

	Female NC slope
	+0.777 (0.217, 1.336)
	0.007

	Male NC slope
	+0.924 (0.675, 1.172)
	<0.001

	Female CG slope
	+0.356 (0.146, 0.566)
	<0.001

	Male CG slope
	+0.549 (0.406, 0.692)
	<0.001

	NC × male interaction
	+0.147 (−0.461, 0.755)
	0.634

	CG × male interaction
	+0.193 (−0.051, 0.437)
	0.121


Model: LW ~ NC + CG + sex + age class + department + NC×sex + CG×sex; R² = 0.797. Slopes are kg per cm. Neither sex interaction was statistically clear.
Table S19. Prespecified model benchmark under repeated 10 × 10-fold cross-validation
	Model
	R²
	RMSE (kg)
	MAE (kg)
	MAPE (%)
	Median APE (%)

	Linear regression
	0.799 ± 0.002
	7.45 ± 0.04
	5.94 ± 0.03
	13.1 ± 0.1
	10.0 ± 0.2

	Random forest
	0.794 ± 0.008
	7.54 ± 0.15
	5.61 ± 0.09
	12.3 ± 0.2
	8.6 ± 0.3

	Gradient boosting
	0.793 ± 0.009
	7.56 ± 0.17
	5.73 ± 0.13
	12.5 ± 0.3
	9.2 ± 0.5

	Support-vector regression
	0.779 ± 0.013
	7.82 ± 0.23
	5.90 ± 0.13
	12.9 ± 0.5
	8.6 ± 0.4


Entries are mean ± SD across ten repeats. All models used the same 14 non-horn predictors and identical folds. Configurations were prespecified and not tuned on validation folds.
Table S20. Descriptive statistics in the older-than-12-month subset (n = 250)
	Trait
	Overall
	Males (n=156)
	Females (n=94)
	M − F (95% CI)

	Live weight (kg)
	54.59 ± 14.81
	59.69 ± 14.99
	46.14 ± 9.87
	+13.55 (10.45, 16.65)

	Poll-to-buttock length (cm)
	123.55 ± 11.34
	125.71 ± 11.16
	119.96 ± 10.74
	+5.75 (2.95, 8.56)

	Scapulo-ischial length (cm)
	74.45 ± 7.86
	75.86 ± 8.43
	72.12 ± 6.19
	+3.74 (1.91, 5.57)

	Chest girth (cm)
	88.26 ± 10.51
	89.48 ± 11.01
	86.23 ± 9.32
	+3.25 (0.68, 5.82)

	Height at withers (cm)
	79.18 ± 6.76
	80.57 ± 7.12
	76.87 ± 5.39
	+3.71 (2.14, 5.27)

	Height at back (cm)
	76.37 ± 6.67
	77.45 ± 6.94
	74.58 ± 5.81
	+2.87 (1.26, 4.48)

	Height at rump (cm)
	78.58 ± 7.49
	79.91 ± 7.83
	76.38 ± 6.33
	+3.53 (1.75, 5.31)

	Neck length (cm)
	32.95 ± 4.93
	33.27 ± 5.36
	32.41 ± 4.07
	+0.87 (−0.32, 2.05)

	Head length (cm)
	27.20 ± 3.14
	27.98 ± 3.34
	25.91 ± 2.24
	+2.07 (1.38, 2.77)

	Ear length (cm)
	20.30 ± 3.52
	20.86 ± 3.67
	19.37 ± 3.06
	+1.50 (0.65, 2.35)

	Pelvic length (cm)
	24.23 ± 2.93
	24.73 ± 3.05
	23.40 ± 2.54
	+1.34 (0.63, 2.04)

	Chest depth (cm)
	36.38 ± 4.76
	37.47 ± 4.97
	34.58 ± 3.76
	+2.90 (1.80, 3.99)

	Neck circumference (cm)
	33.50 ± 6.27
	35.87 ± 6.29
	29.57 ± 3.77
	+6.30 (5.04, 7.55)

	Tail length (cm)
	42.23 ± 6.92
	42.63 ± 6.75
	41.56 ± 7.19
	+1.07 (−0.74, 2.88)

	Horn length (cm)
	19.29 ± 16.23
	30.62 ± 8.78
	0.49 ± 2.15
	+30.12 (28.67, 31.58)

	Cannon-bone circumference (cm)
	11.01 ± 1.29
	11.29 ± 1.31
	10.55 ± 1.13
	+0.74 (0.44, 1.05)


The subset excludes animals recorded at exactly 12 months as well as younger animals. Values are unadjusted mean ± SD.
Table S21. Adjusted sex association in the older-than-12-month subset
	Trait
	Male coefficient (95% CI)
	P
	Model R²

	Live weight
	+11.19 (8.21, 14.17)
	<0.001
	0.440

	Neck circumference
	+5.70 (4.38, 7.02)
	<0.001
	0.385

	Height at withers
	+3.01 (1.45, 4.57)
	<0.001
	0.266

	Scapulo-ischial length
	+2.71 (0.90, 4.52)
	0.004
	0.266

	Chest girth
	+2.27 (−0.23, 4.76)
	0.075
	0.220


Sensitivity model: trait ~ sex + age in months + department. No absent ≤12 reference category was forced into this subset design.
Table S22. Stepwise equations and nested performance in the older-than-12-month subset
	Stratum
	n
	Equation
	Apparent R²
	Nested R²
	RMSE
	MAE
	MAPE (%)
	Median APE (%)

	>12 months, overall
	250
	LW = −65.724 + 0.963×NC + 0.523×SIL + 0.208×CG + 1.547×CC + 0.190×PBL − 0.296×NL
	0.748
	0.714
	7.90
	6.23
	12.2
	9.8

	>12 months, males
	156
	LW = −65.974 + 0.800×SIL + 0.292×CG + 0.636×NC + 2.434×CC − 0.346×NL
	0.778
	0.744
	7.55
	5.79
	10.1
	8.1

	>12 months, females
	94
	LW = −42.800 + 1.030×NC + 0.482×HB + 0.313×SIL
	0.535
	0.408
	7.55
	6.13
	14.6
	12.0


The subset PCA retained 2 components, and k=2 had the highest silhouette (0.442). Fixed-model benchmark values are available in Online Resource 2. Sex-specific equations are exploratory.
Supplementary figures
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Fig. S1. Field measurement landmarks from the original protocol. French-to-English mappings are: Longueur du corps/longueur totale = PBL; LSI = SIL; PT = CG; HG = HW; HD = HB; HC = HR; LCou = NL; LT = HL; LO = EL; LB = PL; LQ = TL; LCor = HoL; TC = CC. NC was measured at mid-neck but is not shown. PBL must not be interpreted as conventional body/trunk length. Photograph and annotations by the authors.
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Fig. S2 Pearson correlation matrix for live weight and 14 non-horn measurements (n = 287).
[image: ]
Fig. S3 PCA of standardised non-horn measurements: (a) variance explained and cumulative variance; (b) loadings on PC1 and PC2. Only PC1 exceeded eigenvalue 1 in the complete sample.
[image: ]
Fig. S4 Live-weight distributions by sex and by the corrected age classes. These are unadjusted displays.
[image: ]
Fig. S5 Pooled simple regressions for NC and CG, with points distinguished by sex. The pooled line is descriptive and does not establish within-sex superiority.
[image: ]
Fig. S6 Calibration and Bland–Altman agreement from nested held-out predictions. Differences are predicted minus observed weight.
[image: ]
Fig. S7 Geographic validation and bias by observed-weight tertile.
[image: ]
Fig. S8 Ward-partition silhouette comparison and the continuous PC1 general-size gradient by age class and sex. The highest silhouette occurred at k=6, the upper tested boundary.
[image: ]
Fig. S9 Paired NC-minus-CG differences in repeated-CV MAE and RMSE. Negative values favour NC; error bars are paired bootstrap 95% confidence intervals.
[image: ]
Fig. S10 Repeated-cross-validated RMSE difference between the age-class interaction and linear-age models. Negative values favour the class-interaction model.
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  Terminology: PBL is protocol - specific poll - to - buttock length (poll to a vertical plane tangent to the buttock); SIL is shoulder - to - buttock scapulo - ischial length and corresponds to conventional 
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  trunk/body length. Age classes are ≤12, >12 – 24, >24 – 36 and >36 – 60 months.  
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  Supplementary tables  
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  Table S1 .   Audit of the analytical sheet  
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Audit item  Result  Analytical decision  

Labelled animal rows  287; identifiers 1 – 287  All included  

Required numeric missingness  0  Complete - case analysis used all 287 records  

Duplicate profiles excluding  the  identifier  0  No record removed as duplicate  

Labelled sex  177 male; 110 female  Derived from Sexe text label  

Female physiological state  Complete in 110/110  Derived from Etat physiologique text label  

Auxiliary SEXE code  146/287 agreement if 1=male, 2=female  Excluded as row - misaligned  

Auxiliary AGE and ETAT PHYSIO codes  Inconsistent/incomplete relative to labelled rows  Excluded  

Age - class derivation  37, 103, 93, 54  Calculated from age in months using ≤12, >12 – 24, >24 – 36, >36 – 60  

Animals recorded exactly at 12 months  11  Included in the ≤12 class; excluded from >12 sensitivity subset  

Table S2 .   Sample composition by age class and sex  
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Age class (months)  Males  Females  Total  

≤12  21  16  37  

>12 – 24  64  39  103  

>24 – 36  54  39  93  

>36 – 60  38  16  54  

Total  177  110  287  

Age was recorded in whole months. The first class includes animals at exactly 12 months.  
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