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	Measurement type
	Roughness

	Lighting
	Coaxial

	Ls filter
	None

	Lc filter
	None

	Lf filter
	None

	End effect correction
	On

	Double Gaussian
	Off

	Filter type
	Gaussian

	S-filter
	None

	L-filter
	None

	Vertical Pitch Z-axis
	10.0 µm


Table S1. Settings of the Keyence VHX-6000 for the roughness analysis in this study.

Check for normality and statistical analyses
All statistical analyses were carried out in R and R Studio (R Core Team, 2020). We conducted multiple analyses to explore the effects of sampling strategies on the roughness values. These comparisons include the effects of bone element type, bone side and measuring direction. Additionally, we explored the relationship between Ra (2D linear) and Sa (3D areal) values, as well as the differences between Ra, Rv, Rp and Rz values among taxa and ontogenetic stage. Each set of roughness values pertaining to these strategies was treated as a separate dataset and was tested for normality using Shapiro-Wilk tests for normality (test statistic: W = 0 to 1, significance level: p < 0.05). Almost all datasets showed a significant deviation from normality, so the majority of the statistical analyses were non-parametric. We applied Mann-Whitney U tests (test statistic: U = nmax - nmin, significance level: p < 0.05) and Kruskal-Wallis tests (test statistic H, significance level: p < 0.05). Only the Rv, Rp and Rz values were normally distributed and analysed by parametric two sample t-tests (test statistic: t, significance level: p < 0.05).

Bone area and measuring direction
Ra values grouped and compared per bone area location showed a strong deviation from normality. Thus, we applied non-parametric paired Mann-Whitney U tests to identify possible differences between Ra values measured on either the anterior/medial or posterior/lateral side of the three elements per taxon. The statistical tests did not show any significant differences between Ra values for the three bone elements in both Ardea cinerea and Branta canadensis (Table S2). Ra values grouped by measuring direction also deviated from normality and were analysed by paired Mann-Whitney U tests. The tests for Ardea cinerea long bones showed no significant difference between the Ra values obtained through either longitudinal or circumferential sampling directions (Table S2). The Ra values of longitudinal and circumferential sampling values for Branta canadensis were significantly
 
	Taxon
	Bone element
	Anterior/medial vs. posterior/lateral (p < 0.05)
	Longitudinal vs. circumferential (p < 0.05)

	Ardea cinerea
	Humerus
	0.30
	0.74

	Ardea cinerea
	Tibiotarsus
	0.95
	0.50

	Ardea cinerea
	Femur
	0.22
	0.59

	Branta canadensis
	Humerus
	0.42
	0.00

	Branta canadensis
	Tibiotarsus
	0.26
	0.00

	Branta canadensis
	Femur
	0.29
	0.00







Table S2. Overview of the p-values from the Mann-Whitney U paired tests for the relationship between R values of the specific bone sides and measuring directions. The bone sides are identified as anterior or posterior for the humeri and tibiotarsi, while for the femora they are identified as medial and lateral. The measuring directions are compared between longitudinal (parallel to the bone’s long axis) and circumferential (perpendicular to that axis) directions. 
	
	Ardea cinerea humeri Kruskal-Wallis p-value = 0.99
	Ardea cinerea tibiotarsi Kruskal-Wallis p-value = 0.86
	Ardea cinerea femora Kruskal-Wallis p-value = 0.82

	Combi.
	AL/LL
	AC/LC
	PL/ML
	AL/LL
	AC/LC
	PL/ML
	AL/LL
	AC/LC
	PL/ML

	AC/LC
	1.00
	-
	-
	1.00
	-
	-
	1.00
	-
	-

	PL/ML
	1.00
	1.00
	-
	1.00
	1.00
	-
	1.00
	1.00
	-

	PC/MC
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00








Table S3. Results of the Kruskal-Wallis tests and post-hoc pairwise Mann-Whitney U tests with Bonferroni corrections for each possible combination of bone side and measuring direction in Ardea cinerea. The p-value of the Kruskal-Wallis tests are shown in the first row. The remaining numbers are the p-values of the pairwise Mann-Whitney U tests per possible combination. Each abbreviations specifies a comparison between bone side and measuring direction. AL, anterior-longitudinal; AC, anterior-circumferential; LL, lateral-longitudinal; LC; lateral-circumferential; ML, medial-longitudinal; MC, medial-circumferential; PL, posterior-longitudinal; PC, posterior-circumferential.

different for all three limb bone types (Table S2). In addition, a Kruskal-Wallis rank test combined with post-hoc paired Mann-Whitney U tests using Bonferroni corrections was applied to better understand the relationships between bone area and measuring direction for each limb bone type. The combined tests did not return any significant differences between bone area or bone measuring direction for all three limb bone types in Ardea cinerea (Table S3). For Branta canadensis, however, the tibiotarsi showed two out of six significant differences between combinations of bone area and measuring direction and the femora showed four out of six significant differences, consistent with the single paired Mann-Whitney U tests (Table S4). 

	
	Branta canadensis humeri Kruskal-Wallis p-value = 0.11
	Branta canadensis tibiotarsi Kruskal-Wallis p-value = 0.00
	Branta canadensis femora Kruskal-Wallis p-value = 0.00

	Bone side + direction
	AL/LL
	AC/LC
	PL/ML
	AL/LL
	AC/LC
	PL/ML
	AL/LL
	AC/LC
	PL/ML

	AC/LC
	1.00
	-
	-
	0.03
	-
	-
	0.01
	-
	-

	PL/ML
	1.00
	1.00
	-
	1.00
	0.01
	-
	1.00
	0.00
	-

	PC/MC
	0.15
	1.00
	0.31
	1.00
	1.00
	0.15
	0.07
	1.00
	0.02



 





Table S4. Results of the Kruskal-Wallis tests and post-hoc pairwise Mann-Whitney U tests with Bonferroni corrections of Ra values for each possible combination of bone side and measuring direction in Branta canadensis. The p-value of the Kruskal-Wallis tests are shown in the first row. The remaining numbers are the p-values of the pairwise Mann-Whitney U tests per possible combination. Each abbreviations specifies a comparison between bone side and measuring direction. AL, anterior-longitudinal; AC, anterior-circumferential; LL, lateral-longitudinal; LC; lateral-circumferential; ML, medial-longitudinal; MC, medial-circumferential; PL, posterior-longitudinal; PC, posterior-circumferential.

Interbone comparison
We performed non-parametric Kruskal-Wallis tests with post-hoc Bonferroni-corrected pairwise Mann-Whitney U tests to explore the difference in Ra values between the three limb bone types for each ontogenetic stage of Ardea cinerea and Branta canadensis. As there was no consistent difference in Ra values between bone side and measuring direction for Ardea cinerea, we opted to group all the Ra values and compared them between humeri, tibiotarsi and femora per ontogenetic stage. The measuring direction on Branta canadensis bones did seem to influence the measured Ra values (Figure 5), thus to avoid the potential confounding effects of the highly spread circumferentially measured Ra values for B. canadensis, we 
	
	Ardea cinerea hatchling Kruskal-Wallis p-value = 0.05
	Ardea cinerea chick Kruskal-Wallis p-value = 0.10
	Ardea cinerea juvenile Kruskal-Wallis p-value = 0.15
	Ardea cinerea adult Kruskal-Wallis p-value = 0.21

	
	Femur
	Humerus
	Femur
	Humerus
	Femur
	Humerus
	Femur
	Humerus

	Humerus
	0.69
	-
	1.00
	-
	0.28
	-
	1.0
	-

	Tibiotarsus
	0.17
	0.60
	0.99
	0.04
	0.38
	1.00
	0.6
	0.8


Table S5. Results of the Kruskal-Wallis tests and post-hoc pairwise Mann-Whitney U tests with Bonferroni corrections for interbone comparison of Ra values within the four age classes of Ardea cinerea. Except for the humerus and tibiotarsus of chick grey herons, there is no significant difference in Ra values between different types of bone element. 

[bookmark: _Hlk147757622]performed a similar analysis but incorporating only the Ra values acquired using the longitudinal measuring protocols. In both cases we attempted to use as many datapoints as possible for robust statistical testing. For Ardea cinerea, each ontogenetic stage did not show a significant difference between the Ra values for the three limb elements, except for the potential difference between humerus and tibiotarsus of chick herons (Table S5). Similarly, the subset of longitudinal Branta canadensis Ra values showed insignificant differences between the humeri, tibiotarsi and femora of adult specimens (Table S6).

Ra (2D linear) and Sa (3D areal) values
To accurately compare corresponding Ra an Sa values per bird specimen, we averaged the Ra and Sa values for each bird as the various statistical analyses showed ambiguous effects at best regarding different sampling strategies including values for specific bone element, bone side and measuring direction. Moreover, as the comparison between corresponding Ra and Sa values rely purely on methodology, we did not separate according to ontogenetic stage and we performed a paired Mann-Whitney U test on the complete averaged Ra dataset and 
	Branta canadensis adult Kruskal-Wallis p-value = 0.07

	
	Femur
	Humerus

	Humerus
	0.09
	-

	Tibiotarsus
	0.41
	1.00






Table S6. Results of the Kruskal-Wallis tests and post-hoc pairwise Mann-Whitney U tests with Bonferroni corrections for interbone comparison of longitudinal Ra values between different limb bone types of Branta canadensis.

corresponding Sa values for both Ardea cinerea and Branta canadensis. Both A. cinerea (p = 0.03) and B. canadensis (p = 0.00) show a significant difference between Ra and Sa values.

Rv, Rp and Rz values
[image: ]Paired two sample t-tests on the Rv and Rp values show that Ardea cinerea have significantly higher Rv values than Rp (p = 0.01), while Branta canadensis show significantly lower Rv values than Rp values (p = 0.002). Rz values were compared between A. cinerea and B. Figure S1. Heatmap output showing the height distribution of the 3D model. By specifying the correction strength (red square), it becomes possible to reduce the convexity step-wise [image: ]until the desired shape is reached. This often required two to three correction steps.
Figure S2. Example of the output of the roughness analysis showing longitudinal and circumferential sampling strategies and corresponding roughness profiles. We used the built-in roughness tool to produce a roughness profile for each bone. A. Longitudinal sampling strategy. B. Circumferential sampling strategy. C. Roughness profile of the longitudinal transect. D. Roughness profile of the circumferential transect. The graph in green represents the same data but is standardized to the x-axis of the longitudinal data graph in C.

canadensis and a two sample t-test (unpaired) revealed that the Rz values for A. cinerea were significantly smaller than B. canadensis (p = 0.00).
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