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Additional Files 699 

 Figure S1. Definition of eco-morphological measurements.  a, Anatomical 70 

description of body landmarks: LM 1 = tip of snout; LM 2 = most posterior point of the lips; LM 702 

3, 4 = most anterior and posterior margin of the eye; LM 5 = intersection of operculum and 703 

ventral body outline; LM 6 = anterior base of dorsal fin; LM 7, 8 = dorsal and ventral base of 704 

pectoral fin; LM 9 = anterior base of pelvic fin; LM 10, 11 = anterior and posterior base of anal 705 

fin; LM 12 = posterior base of dorsal fin; LM 13, 14 = dorsal and ventral base of caudal fin; LM 706 

15 = midpoint of the caudal fin origin; LM 16 = nostril; LM 17 = dorsal end of pre-operculum; 707 

LM 18 = dorso-caudal origin of the operculum. b, Anatomical description of LPJ landmarks 708 

along with representative examples of “molariform” and “papilliform” LPJ morphologies: LM 1, 709 

2 & LM 10, 11= tips of posterior and lateral processes of upper horn; LM 3, 9 = points of highest 710 

curvature in upper horn base; LM 4, 8 = points of closest intersection between horn base and 711 

dentition area; LM 5, 7 = points of highest curvature near the mid-point of the two adjacent 712 

landmarks; LM 6 = posterior-most point of lower pharyngeal jaw suture; LM 12-15 & 18-21 = 713 

points of highest curvature near the mid-point of the two adjacent landmarks; LM 16, 17 = 714 

anterior tips of lower horn processes; LM 22, 23 = most posterior teeth of the “external line” of 715 

the dentition area; LM 24 = point where the suture meets the dentition area. 716 
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Figure S1.  
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Figure S2. Logistic regression: Frequency distributions of the linear predictor for 740 

gold and dark morphs. a, Body Depth Index and b, LPJ weight. The histograms (upper panels) 741 

indicate absolute frequency of individuals of each color morph (y-axis), whereas the density 742 

distributions (bottom panels) are corrected for unequal sample sizes. The linear predictor (x-axis) 743 

is a linear function that defines the relationship between the dependent (i.e. gold/dark) and the 744 

explanatory variables (i.e. BDI or LPJ weight, both corrected for allometry). The likelihood of a 745 

given individual being a gold morph, as predicted by the model and reflected in the linear 746 

predictor, clearly increased with higher values of BDI and LPJ weight. The linear predictor for 747 

BDI was -0.99 +15.75*BDI and the one for LPJ weight was -0.45 + 1.49*LPJ weight. Gelman 748 

and Hill’s “divide by 4 rule” [57] allows to interpret logistic regression coefficients in terms of 749 

the predicted probabilities of the model outcome (slope for BDI-model = 15.75; slope for LPJ 750 

weight-model 1.49). Practically, when considering a shift in increasing BDI of ~0.1 (BDI ranges 751 

from -0.1 to 0.09, spanning 0.19 units) the probability of being gold increased by maximally 39.4 752 

%. When considering a relative shift of LPJ weight of increasing 1 unit (LPJ weight ranges from 753 

-1.93 to 2.23, spanning 4.16 units) the probability of being gold increased by maximally 37.3 %.  754 

 755 

 756 

 757 

 758 

 759 

 760 

 761 

 762 

 763 



 36 

Figure S2.  

 765 

 766 

 767 

 768 

 769 

 770 

 771 

 772 



 37 

Figure S3. Residual analysis of stable isotope data. The assumptions of the linear  

mixed effects model dealing with color morph differentiation in stable isotopes were visually 774 

assessed. a, Plot of residuals vs. fitted values to assess possible deviations of the residuals’ mean 775 

from zero. b, Q-Q-plot of residuals, to assess whether the residuals conform to normality. c, Plot 776 

of residual variance vs. fitted values to evaluate variance homogeneity. d, Q-Q-plot of random 777 

effects to assess whether random effects are normally distributed after implementation into the 778 

model.  779 
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Table S1. Sample sizes of color morphs used for each analysis.  
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Table S2. Pair-wise morphological differentiation between Midas cichlid color  

morphs. The outcome of discriminant function analyses of body shape and lower pharyngeal jaw 786 

morphology is shown for each of the ten morph pairs. The degree of body and pharyngeal jaw 787 

shape differentiation is indicated by Procrustes distances.  788 
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Table S3. Overview of color-associated divergence in eco-morphology and stable 

isotope ecology. The table shows mean regression residuals of BDI and LPJ weight after 792 

allometry correction, δ15N as well as standard length for each group. Boldface indicates the color 793 

morph group with relatively higher values within each morph pair. The average gold morph in 794 

each morph pair generally exhibited higher BDI (7/10) and LPJ values (9/10), even after 795 

correcting for size and allometric effects. In 9 out of 10 morph pairs the gold morph was at a 796 

relatively lower trophic level than the dark morph as inferred from δ15N.  797 
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Table S4. Evolutionary trajectory analysis. The evolutionary trajectory analysis is based on the ecological variables BDI,  

LPJ weight as well as the isotopic signatures of δ15N and δ13C.  The table shows absolute values (above the diagonal) and associated p-803 

values (below the diagonal) for pair-wise differences in trajectory size and orientation. Bold font indicates p-values that differ statistically 804 

(< 0.05; no correction for multiple tests). Across all comparisons combined, length (Δd = 0.48, p = 0.005) and orientation (θ = 1625.74, p 805 

= 0.001) differ though there is a large component of trajectories being parallel across many morph pairs (Fig. 2d).  806 
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