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Testing for phylogenetic signal in residual errors of linear regressions
One of the main assumptions of linear regression is the independence of errors (Gelman et al. 2021, p154). This assumption is commonly hurt in multi-species analyses by the phenomenon that more closely related species tend to have more similar traits (Symonds & Blomberg 2014, p105). To test whether phylogenetic non-independence of errors is an issue in our regressions, we tested whether there is a significant phylogenetic signal in the residuals of all regression analyses conducted in this study. In the case of significant phylogenetic signal, a Phylogenetic Generalized Least Square (PGLS) regression would be necessary, whereas otherwise, a standard linear regression is appropriate (Revell 2010). 
We used the R package V.PhyloMaker (v. 0.1.0, Jin & Quian 2019) to prune an underlying megatree (‘BGOTB.extended.tre`) to the species in this study in order to obtain their phylogeny. As a measure of phylogenetic signal, we calculated Pagel’s λ (Pagel 1999) with the phylosig () function from the phytools R package (v. 2.0.3, Revell 2012). Simultaneously, the function also performs a likelihood ratio test for the null hypothesis of λ = 0, meaning no phylogenetic signal. Therefore, in case of non-significant test results, there is no evidence for a phylogenetic signal different from 0.
[bookmark: _Hlk151115224]Table 1: Results from the likelihood ratio tests that assess whether Pagel's λ of the residual errors is different from 0. Cases where a significant difference was found are highlighted in bold font. Apart from the abbreviation used in the main text: BrA1-3: Mean of BRangle 1st to 3rd order; CSA: MeanCSA, CV: MeanCV.
	Response
	Predictor
	λ
	log-Likelihood (λ)
	Likelihood Ratio (λ = 0)
	p value

	P12
	Db
	>0.01
	-23.98
	-8.29
	1.000

	P50
	Db
	0.71
	-27.39
	0.51
	0.473

	P88
	Db
	0.75
	-30.98
	0.84
	0.359

	Ks
	Db
	0.33
	-6.41
	0.66
	0.418

	Dh
	Db
	0.26
	-53.88
	0.85
	0.357

	P50
	Ks
	0.71
	-23.38
	3.97
	0.046

	P12
	BrA1
	0.76
	-23.93
	1.72
	0.189

	P50
	BrA1
	0.89
	-26.41
	5.49
	0.019

	P88
	BrA1
	0.92
	-29.51
	7.57
	0.006

	P12
	BrA2
	0.81
	-22.69
	2.03
	0.154

	P50
	BrA2
	0.93
	-24.55
	6.25
	0.012

	P88
	BrA2
	0.96
	-27.42
	8.48
	0.004

	P12
	BrA3
	0.86
	-22.82
	2.48
	0.115

	P50
	BrA3
	0.98
	-24.50
	6.67
	0.010

	P88
	BrA3
	1.01
	-27.20
	8.92
	0.003

	P12
	CSA
	0.59
	-24.41
	1.92
	0.166

	P50
	CSA
	0.66
	-28.02
	2.72
	0.099

	P88
	CSA
	0.66
	-31.80
	2.89
	0.089

	P12
	CV
	0.50
	-24.51
	1.25
	0.263

	P50
	CV
	0.58
	-28.20
	1.90
	0.168

	P88
	CV
	0.59
	-31.99
	2.12
	0.146
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Figure 1: Two examples illustrating the distribution of residual errors throughout the phylogeny. The relationship of P50 in dependency of box dimension is the main relationship of interest in this study and had no significant evidence for a phylogenetic signal different from 0 in the residuals. The relationship of P88 in dependency of Mean branch angle of the 3rd order was among the regression analyses in this study the one with the highest estimate for Pagel’s λ in the residuals.

The results show that phylogenetic non-independence was not an issue in most tested relationships. Especially the relationships with box dimension, the main predictor of interest in this study, were not affected. For the cases where significant phylogenetic signal was found, we conducted additional PGLS analyses and present the results here.  We first used the function corPagel () from the R package ape (v. 5.7.1, Paradis & Schliep 2019) to create a phylogenetic variance-covariance matrix based on the species’ phylogeny, and then fitted a PGLS model with the nlme package (v. 3.1.162, Pinheiro et al. 2023), using the phylogenetic variance-covariance matrix as correlation structure. 
[image: ]
Figure 2: Regression lines from PGLS analyses (red) compared with linear regressions (black) for all pairwise relationships with significant phylogenetic signals in their residuals. Solid lines indicate slope parameters significantly different from 0 (p < 0.05), and dashed lines indicate non-significant slope parameters. 
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P88 ~ Mean branch angle 3rd order
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