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Appendix 1—Table 5. Models tested to assess the extent to which genome-wide variation 

(PC1/PC2) predicts measures of fitness and their respective fits using all samples and an 

unsupervised admixture analysis. Best-fit models are bolded. 

 

Fitness Measure Model Family Principle Component Model AIC Ancestry Coefficient Ancestry P -value

Composite ~ PC1 193.80 1.67 0.0043
Composite ~ PC1 + Lake 195.52 3.07 0.2586
Composite ~ PC1 + Experiment 194.27 1.80 0.0030
Composite ~ PC1 + Lake + Experiment 195.36 4.52 0.1233
Composite ~ PC1 + Lake * Experiment 197.07 3.62 0.2831
Composite ~ PC2 202.44 -0.01 0.9907
Composite ~ PC2 + Lake 195.45 1.20 0.2456
Composite ~ PC2 + Experiment 203.75 0.21 0.8294
Composite ~ PC2 + Lake + Experiment 195.21 1.79 0.1130
Composite ~ PC2 + Lake * Experiment 196.35 1.57 0.1738
Growth ~ PC1 30.97 -1.62 0.0006
Growth ~ PC1 + Lake 29.37 1.57 0.3723
Growth ~ PC1 + Experiment -32.37 -2.92 0.0000
Growth ~ PC1 + Lake + Experiment -30.92 -3.87 0.0055
Growth ~ PC1 + Lake * Experiment -87.40 0.33 0.7638
Growth ~ PC2 23.61 2.88 0.0002
Growth ~ PC2 + Lake 23.61 2.00 0.0119
Growth ~ PC2 + Experiment 14.04 2.04 0.0044
Growth ~ PC2 + Lake + Experiment -23.65 -0.61 0.3677
Growth ~ PC2 + Lake * Experiment -87.49 0.20 0.6724
Survival ~ PC1 156.24 15.09 0.0000
Survival ~ PC1 + Lake 157.87 6.04 0.6943
Survival ~ PC1 + Experiment 121.52 17.78 0.0000
Survival ~ PC1 + Lake + Experiment 123.51 15.92 0.4386
Survival ~ PC1 + Lake * Experiment 125.51 15.92 0.4386
Survival ~ PC2 157.96 -9.44 0.0268
Survival ~ PC2 + Lake 157.96 -1.21 0.7988
Survival ~ PC2 + Experiment 160.72 -5.63 0.2248
Survival ~ PC2 + Lake + Experiment 123.39 4.89 0.4047
Survival ~ PC2 + Lake * Experiment 125.39 4.89 0.4047
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Appendix 1—Table 6. SNPs found to be strongly associated with composite fitness using SnpEff (136). SNPs that were identified as being strongly associated with both 
growth and composite fitness are italicized, and those that remain significant after a Bonferroni correction are bolded. 

Scaffold Position Significance REF ALT Variant Type Gene Identifier Gene Card 

HiC_scaffold_1 32071263 FDR A C intergenic CBRO_00000660-CBRO_00000661 Znf250-Ptgdr2 

HiC_scaffold_1 43866598 Bonferroni G A intergenic CBRO_00000910-CBRO_00000911 PPM1K-OVCH2 
HiC_scaffold_1 43867614 FDR C T intergenic CBRO_00000910-CBRO_00000911 PPM1K-OVCH2 
HiC_scaffold_3 2658774 FDR T A intergenic CBRO_00017856-CBRO_00017857 KMT2E-Magi2 

HiC_scaffold_3 2658775 FDR T C intergenic CBRO_00017856-CBRO_00017857 KMT2E-Magi2 
HiC_scaffold_3 2658793 FDR C A intergenic CBRO_00017856-CBRO_00017857 KMT2E-Magi2 

HiC_scaffold_4 18899496 FDR T C intergenic CBRO_00012427-CBRO_00012428 UNKNOWN-edc4 

HiC_scaffold_5 18306419 FDR C G upstream; intergenic 
CBRO_00001232; CBRO_00001231-
CBRO_00001232 xlrs1; PPEF2-xlrs1 

HiC_scaffold_5 18306428 FDR A T upstream; intergenic 
CBRO_00001232; CBRO_00001231-
CBRO_00001232 xlrs1; PPEF2-xlrs1 

HiC_scaffold_5 18307019 FDR G T intronic CBRO_00001232 xlrs1 

HiC_scaffold_5 18307030 FDR G A intronic CBRO_00001232 xlrs1 

HiC_scaffold_5 18311696 FDR C T intronic CBRO_00001232 xlrs1 
HiC_scaffold_5 40475116 FDR T A intergenic CBRO_00001627-CBRO_00001628 SLC25A44-UBE2Q2 

HiC_scaffold_7 10290141 FDR T C downstream; intergenic 
CBRO_00009717; CBRO_00009716-
CBRO_00009717 Nfkbie; SLC35B2-Nfkbie 

HiC_scaffold_7 10290142 FDR G C downstream; intergenic 
CBRO_00009717; CBRO_00009716-
CBRO_00009717 Nfkbie; SLC35B2-Nfkbie 

HiC_scaffold_7 10290165 FDR A G downstream; intergenic 
CBRO_00009717; CBRO_00009716-
CBRO_00009717 Nfkbie; SLC35B2-Nfkbie 

HiC_scaffold_7 10290166 FDR T C downstream; intergenic 
CBRO_00009717; CBRO_00009716-
CBRO_00009717 Nfkbie; SLC35B2-Nfkbie 

HiC_scaffold_7 10290168 FDR T C downstream; intergenic 
CBRO_00009717; CBRO_00009716-
CBRO_00009717 Nfkbie; SLC35B2-Nfkbie 

HiC_scaffold_7 13815058 FDR A G 
synonymous; 
downstream CBRO_00009805; CBRO_00009804 Aloxe3; UNKNOWN 

HiC_scaffold_7 13815326 FDR C T intronic CBRO_00009805 Aloxe3 
HiC_scaffold_7 15349830 FDR C A intergenic CBRO_00009834-CBRO_00009835 Adcy8-efr3b 
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HiC_scaffold_7 18378061 FDR T A intergenic CBRO_00009902-CBRO_00009903 Fam84a-DDX1 

HiC_scaffold_8 20263964 Bonferroni G A upstream; intergenic 
CBRO_00010647; CBRO_00010647-
CBRO_00010648 Srcin1; Srcin1-Srcin1 

HiC_scaffold_8 31539262 FDR G A upstream; intergenic 
CBRO_00010835; CBRO_00010834-
CBRO_00010835 Gjd3; Gjd3-Gjd3 

HiC_scaffold_11 3106766 FDR T A intronic CBRO_00013361 prkdc 

HiC_scaffold_11 3138733 FDR G A intergenic CBRO_00013361-CBRO_00013362 prkdc-arhgap29 
HiC_scaffold_11 5658921 FDR A G intronic CBRO_00013404 KAZN 

HiC_scaffold_14 17556007 FDR C T intergenic CBRO_00014134-CBRO_00014135 UNKNOWN-Abr 
HiC_scaffold_14 17556026 FDR C A intergenic CBRO_00014134-CBRO_00014135 UNKNOWN-Abr 

HiC_scaffold_16 32837191 FDR T C intronic CBRO_00003226 KIF1B 

HiC_scaffold_16 35727503 FDR G C intergenic CBRO_00003289-CBRO_00003290 Pip5k1c-Polr2e 
HiC_scaffold_16 40215889 FDR G A intergenic CBRO_00003383-CBRO_00003384 chst10-UNKNOWN 

HiC_scaffold_16 40300592 FDR C A intergenic CBRO_00003384-CBRO_00003385 UNKNOWN-Carmil3 
HiC_scaffold_18 26969972 FDR T G intronic CBRO_00013239 CSAD 

HiC_scaffold_18 26970123 FDR C T synonymous CBRO_00013239 CSAD 
HiC_scaffold_18 26970601 FDR T A intronic CBRO_00013239 CSAD 

HiC_scaffold_18 26978410 FDR G A intronic CBRO_00013240 Znf740 

HiC_scaffold_20 332642 FDR G A missense CBRO_00016084 GTF3C4 
HiC_scaffold_20 332689 FDR A G missense CBRO_00016084 GTF3C4 

HiC_scaffold_20 14820437 FDR A T intronic CBRO_00016304 MALT1 
HiC_scaffold_20 14820448 FDR T C intronic CBRO_00016304 MALT1 

HiC_scaffold_24 1469530 FDR G T intergenic CBRO_00014375-CBRO_00014376 UNKNOWN-UNKNOWN 

HiC_scaffold_24 3223583 FDR T A intergenic CBRO_00014421-CBRO_00014422 Gal3st3-RIN2 
HiC_scaffold_24 11618442 FDR T G intronic CBRO_00014601 ABCA4 

HiC_scaffold_24 15964553 Bonferroni C T intergenic CBRO_00014635-CBRO_00014636 Lrfn2-SNX15 

HiC_scaffold_27 1898180 FDR G A downstream; intergenic 
CBRO_00005887; CBRO_00005886-
CBRO_00005887 UNKNOWN; hoxb13a-UNKNOWN 

HiC_scaffold_27 8137335 FDR G T intronic CBRO_00005998 SMARCA4 
HiC_scaffold_27 9065056 FDR C A intergenic CBRO_00006026-CBRO_00006027 ANKFN1-ccdc134 

HiC_scaffold_27 12370585 FDR C T intergenic CBRO_00006131-CBRO_00006132 SHISA9-Desi1 
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HiC_scaffold_27 32078665 FDR C G intergenic CBRO_00006685-CBRO_00006686 med25-Lrrc4b 
HiC_scaffold_27 34904388 FDR A C intergenic CBRO_00006756-CBRO_00006757 Grin2c-nog3 

HiC_scaffold_27 35431570 FDR G C intergenic CBRO_00006756-CBRO_00006757 Grin2c-nog3 
HiC_scaffold_27 35431578 FDR C T intergenic CBRO_00006756-CBRO_00006757 Grin2c-nog3 

HiC_scaffold_27 35431585 FDR A G intergenic CBRO_00006756-CBRO_00006757 Grin2c-nog3 
HiC_scaffold_34 16654675 FDR G C intergenic CBRO_00001997-CBRO_00001998 MDFIC2-foxp1b 

HiC_scaffold_34 19393244 FDR A T upstream; intergenic 
CBRO_00002027; CBRO_00002027-
CBRO_00002028 SUOX; SUOX-SUOX 

HiC_scaffold_34 22010499 FDR C T intronic CBRO_00002117 GNAI2 

HiC_scaffold_34 31220916 FDR T A upstream; intergenic 
CBRO_00002389; CBRO_00002388-
CBRO_00002389 CTTNBP2NL; Kcnd3-CTTNBP2NL 

HiC_scaffold_34 37769304 FDR A C intergenic CBRO_00002519-CBRO_00002520 ASIC2-asic1 
HiC_scaffold_37 5963405 FDR T C intergenic CBRO_00011020-CBRO_00011021 C14orf93-pim2 

HiC_scaffold_37 11017168 FDR G A intergenic CBRO_00011155-CBRO_00011156 GALNT12-elp2 

HiC_scaffold_37 13822135 FDR A G upstream; intergenic 
CBRO_00011221; CBRO_00011220-
CBRO_00011221 SATB1; KCNH8-SATB1 

HiC_scaffold_37 13823678 FDR G A upstream; intergenic 
CBRO_00011221; CBRO_00011220-
CBRO_00011221 SATB1; KCNH8-SATB1 

HiC_scaffold_37 13832007 FDR T A missense CBRO_00011221 SATB1 

HiC_scaffold_37 16920863 FDR T C intergenic CBRO_00011259-CBRO_00011260 CSMD1-UNKNOWN 
HiC_scaffold_37 18591438 Bonferroni G A intergenic CBRO_00011301-CBRO_00011302 cck-trim71 
HiC_scaffold_37 18591463 FDR C T intergenic CBRO_00011301-CBRO_00011302 cck-trim71 

HiC_scaffold_37 18596716 FDR A T intergenic CBRO_00011301-CBRO_00011302 cck-trim71 

HiC_scaffold_40 5885291 FDR G T downstream; intergenic 
CBRO_00016614; CBRO_00016613-
CBRO_00016614 

C14orf93 homolog; HTR2A-
C14orf93 homolog 

HiC_scaffold_43 2568535 FDR A G intergenic CBRO_00008246-CBRO_00008247 UNKNOWN-Gpr68 
HiC_scaffold_44 25886134 FDR A C intergenic CBRO_00007276-CBRO_00007277 RAPGEF2-QDPR 

HiC_scaffold_45 885834 FDR A C upstream; intergenic 
CBRO_00018766; CBRO_00018766-
CBRO_00018767 Mog; Mog-EPHB4 

HiC_scaffold_45 2213441 FDR G T intronic CBRO_00018814 Nlrp12 

HiC_scaffold_46 856248 FDR A G intergenic CBRO_00007439-CBRO_00007440 UNKNOWN-NLRP12 

HiC_scaffold_46 1232350 FDR G A intronic CBRO_00007448 NEB 
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HiC_scaffold_46 30183758 FDR C G intergenic CBRO_00008059-CBRO_00008060 TFRC-Rgs11 
HiC_scaffold_46 32048848 FDR A C intronic CBRO_00008105 Hsd17b7 

HiC_scaffold_46 32050109 FDR G T synonymous CBRO_00008105 Hsd17b7 

HiC_scaffold_46 35151009 Bonferroni T C downstream; intergenic 
CBRO_00008165; CBRO_00008165-
CBRO_00008166 Klf9; Klf9-Tsen15 

HiC_scaffold_46 35163681 FDR T C 
downstream; 
downstream; intergenic 

CBRO_00008166; CBRO_00008167; 
CBRO_00008166-CBRO_00008167 

Tsen15; UNKNOWN; Tsen15-
UNKNOWN 

HiC_scaffold_46 35164267 FDR A G 
downstream; 
downstream; intergenic 

CBRO_00008166; CBRO_00008167; 
CBRO_00008166-CBRO_00008167 

Tsen15; UNKNOWN; Tsen15-
UNKNOWN 

HiC_scaffold_47 787141 FDR T G upstream; intergenic 
CBRO_00008838; CBRO_00008837-
CBRO_00008838 Nlrc3; NLRC3-Nlrc3 

HiC_scaffold_47 4300295 FDR G A downstream; intergenic 
CBRO_00008933; CBRO_00008933-
CBRO_00008934 NEK6; NEK6-Psmb7 

HiC_scaffold_47 6767766 FDR T C intergenic CBRO_00008991-CBRO_00008992 TACR1-Grk5 
HiC_scaffold_52 20791197 FDR T A upstream; intronic CBRO_00011892; CBRO_00011891 rabl3; GTF2E1 

HiC_scaffold_52 22551701 FDR G C intergenic CBRO_00011922-CBRO_00011923 ALS2-Serp2 
HiC_scaffold_52 31021517 FDR C T intergenic CBRO_00012051-CBRO_00012052 Tmeff2-slc39a10 

HiC_scaffold_53 11317840 Bonferroni A G intergenic CBRO_00005178-CBRO_00005179 Fucolectin-1-Fucolectin-5 
HiC_scaffold_53 11326035 FDR C T intergenic CBRO_00005178-CBRO_00005179 Fucolectin-1-Fucolectin-5 
HiC_scaffold_53 11326410 FDR G A intergenic CBRO_00005178-CBRO_00005179 Fucolectin-1-Fucolectin-5 

HiC_scaffold_53 11331079 FDR A G intergenic CBRO_00005178-CBRO_00005179 Fucolectin-1-Fucolectin-5 

HiC_scaffold_53 15966447 FDR G A 
upstream; downstream; 
intergenic 

CBRO_00005235; CBRO_00005234; 
CBRO_00005234-CBRO_00005235 

Tmem222; WDTC1; WDTC1-
Tmem222 

HiC_scaffold_53 17413090 FDR A G missense CBRO_00005274 Mag 
HiC_scaffold_53 20715576 FDR C A intergenic CBRO_00005380-CBRO_00005381 Scrt2-Ino80c 

HiC_scaffold_53 20715623 FDR G A intergenic CBRO_00005380-CBRO_00005381 Scrt2-Ino80c 

HiC_scaffold_53 20715851 FDR A G intergenic CBRO_00005380-CBRO_00005381 Scrt2-Ino80c 
HiC_scaffold_53 27386094 FDR G T intronic CBRO_00005625 Arhgef1 

HiC_scaffold_53 27396961 FDR T A intronic CBRO_00005625 Arhgef1 

HiC_scaffold_53 27398605 FDR T G downstream; intergenic 
CBRO_00005625; CBRO_00005625-
CBRO_00005626 Arhgef1; Arhgef1-CD79A 

HiC_scaffold_53 33282501 FDR A G intergenic CBRO_00005732-CBRO_00005733 mios-GLCCI1 
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HiC_scaffold_53 39228193 FDR T C intergenic CBRO_00005830-CBRO_00005831 UNKNOWN-GnRHR2 
HiC_scaffold_53 39228264 Bonferroni C T intergenic CBRO_00005830-CBRO_00005831 UNKNOWN-GnRHR2 
HiC_scaffold_53 39228942 FDR A T intergenic CBRO_00005830-CBRO_00005831 UNKNOWN-GnRHR2 
HiC_scaffold_53 39279263 FDR G T intronic CBRO_00005832 IGDCC3 

HiC_scaffold_53 39770914 FDR A T intronic CBRO_00005849 Cpne4 
HiC_scaffold_611 5621 FDR A T intergenic CHR_START-CBRO_00020243 CHR_START-fzdz-a 

HiC_scaffold_611 5625 FDR G T intergenic CHR_START-CBRO_00020243 CHR_START-fzdz-a 

HiC_scaffold_611 5634 FDR T A intergenic CHR_START-CBRO_00020243 CHR_START-fzdz-a 
HiC_scaffold_1053 3494 FDR A G downstream; intergenic CBRO_00020503; CHR_START-CBRO_00020503 UBE2G2; CHR_START-UBE2G2 

HiC_scaffold_1133 9946 FDR A G intergenic . . 

HiC_scaffold_1371 7318 FDR C T upstream; intergenic CBRO_00021026; CHR_START-CBRO_00021026 
UNKNOWN; CHR_START-
UNKNOWN 

HiC_scaffold_1848 40119 Bonferroni C A intergenic . . 
HiC_scaffold_1848 40465 Bonferroni T A intergenic . . 
HiC_scaffold_1848 40590 Bonferroni T C intergenic . . 
HiC_scaffold_1848 40877 FDR T C intergenic . . 
HiC_scaffold_1848 41351 FDR T C intergenic . . 

HiC_scaffold_2220 10128 FDR G T intergenic . . 
HiC_scaffold_4461 12939 Bonferroni T A intergenic . . 
HiC_scaffold_4665 13941 FDR C T intergenic . . 
HiC_scaffold_6275 6000 FDR C A intergenic . . 

HiC_scaffold_6337 5745 FDR T G intronic CBRO_00021217 PKP3 

HiC_scaffold_6769 2796 FDR G A intergenic . . 
HiC_scaffold_6963 5970 FDR C A intergenic . . 

HiC_scaffold_6963 6101 FDR A G intergenic . . 
HiC_scaffold_9280 3448 FDR G A intergenic . . 

HiC_scaffold_9949 52 FDR C T intergenic . . 

HiC_scaffold_10928 3575 FDR G A downstream; intergenic CBRO_00021896; CHR_START-CBRO_00021896 CYP2A10; CHR_START-CYP2A10 
HiC_scaffold_11921 5560 FDR A T intergenic . . 

HiC_scaffold_12068 2929 FDR G T intergenic . . 
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HiC_scaffold_1277
8 1456 Bonferroni T A missense CBRO_00022026 COL8A1 
HiC_scaffold_17578 180 FDR T G intergenic . . 

HiC_scaffold_18999 1084 Bonferroni A G intergenic . . 
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Appendix 1—Table 7. Gene ontology term enrichment for genes associated with composite fitness. 

 

Functional Category Enrichment FDR Genes in list Total genes Genes
Anterograde trans-synaptic signaling 0.0060 13 746 GRIN2C, SHISA9, ALS2, KIF1B, ASIC1, GNAI2, TACR1, ADCY8, LRFN2, ABR, RAPGEF2, ASIC2, PIP5K1C
Synaptic signaling 0.0060 13 762 GRIN2C, SHISA9, ALS2, KIF1B, ASIC1, GNAI2, TACR1, ADCY8, LRFN2, ABR, RAPGEF2, ASIC2, PIP5K1C
Trans-synaptic signaling 0.0060 13 756 GRIN2C, SHISA9, ALS2, KIF1B, ASIC1, GNAI2, TACR1, ADCY8, LRFN2, ABR, RAPGEF2, ASIC2, PIP5K1C
Chemical synaptic transmission 0.0060 13 746 GRIN2C, SHISA9, ALS2, KIF1B, ASIC1, GNAI2, TACR1, ADCY8, LRFN2, ABR, RAPGEF2, ASIC2, PIP5K1C
Regulation of I-kappaB kinase/NF-kappaB signaling 0.0179 7 241 NEK6, SLC35B2, MALT1, NLRP12, NLRC3, DDX1, PIM2
Regulation of trans-synaptic signaling 0.0185 9 468 GRIN2C, SHISA9, ASIC1, GNAI2, TACR1, ADCY8, LRFN2, ABR, RAPGEF2

Regulation of cell communication 0.0185 32 3903
NEK6, SLC35B2, MALT1, NLRP12, PPEF2, GRIN2C, NLRC3, SLC39A10, SHISA9, ALS2, RAPGEF2, SMARCA4, MAGI2, RGS11, ARHGEF1, DDX1, PIM2, ASIC1, GNAI2, TACR1, ADCY8, 
LRFN2, ABR, PTGDR2, CCK, GPR68, MIOS, SCRT2, PSMB7, ARHGAP29, PIP5K1C, GRK5

Regulation of signaling 0.0185 32 3952
NEK6, SLC35B2, MALT1, NLRP12, PPEF2, GRIN2C, NLRC3, SLC39A10, SHISA9, ALS2, RAPGEF2, SMARCA4, MAGI2, RGS11, ARHGEF1, DDX1, PIM2, ASIC1, GNAI2, TACR1, ADCY8, 
LRFN2, ABR, PTGDR2, CCK, GPR68, MIOS, SCRT2, PSMB7, ARHGAP29, PIP5K1C, GRK5

Modulation of chemical synaptic transmission 0.0185 9 467 GRIN2C, SHISA9, ASIC1, GNAI2, TACR1, ADCY8, LRFN2, ABR, RAPGEF2
Sensory perception of sour taste 0.0185 2 5 ASIC2, ASIC1

Regulation of biological quality 0.0185 34 4319
GRIN2C, KCNH8, SLC39A10, SHISA9, PRKDC, TACR1, SMARCA4, KCND3, ABCA4, TRIM71, KMT2E, TFRC, PIM2, MAG, ASIC2, ASIC1, GNAI2, LRRC4B, HSD17B7, WDTC1, ADCY8, 
LRFN2, ABR, ALOXE3, CSMD1, CCK, SRCIN1, ALS2, GPR68, RAPGEF2, NEB, PSMB7, NFKBIE, PIP5K1C

I-kappaB kinase/NF-kappaB signaling 0.0185 7 280 NEK6, SLC35B2, MALT1, NLRP12, NLRC3, DDX1, PIM2
Positive regulation of catalytic activity 0.0185 17 1514 PPM1K, ALS2, RAPGEF2, MAGI2, SRCIN1, RGS11, ARHGEF1, GNAI2, GTF3C4, RIN2, ARHGAP29, ABR, CCK, SLC39A10, MALT1, ADCY8, NLRP12
Regulation of protein tyrosine phosphatase activity 0.0216 2 6 GNAI2, SLC39A10
Multicellular organismal response to stress 0.0216 4 74 ALS2, ASIC1, TACR1, CCK
Positive regulation of molecular function 0.0270 19 1901 PPM1K, MALT1, ALS2, RAPGEF2, SMARCA4, MAGI2, SRCIN1, RGS11, ARHGEF1, GNAI2, GTF3C4, RIN2, ARHGAP29, ADCY8, ABR, CCK, SLC39A10, MED25, NLRP12
Cell-cell signaling 0.0311 18 1774 GRIN2C, SHISA9, ALS2, KIF1B, ASIC1, GNAI2, TACR1, ADCY8, LRFN2, ABR, GRK5, GPR68, SMARCA4, RAPGEF2, MAGI2, ASIC2, PSMB7, PIP5K1C
Tachykinin receptor signaling pathway 0.0314 2 8 TACR1, GRK5
Cell proliferation 0.0355 20 2165 TFRC, PIM2, RAPGEF2, CD79A, GNAI2, TACR1, COL8A1, MALT1, SATB1, PTGDR2, CCK, SLC39A10, TRIM71, PRKDC, MED25, KLF9, GRK5, NLRC3, MAGI2, ARHGEF1
Behavioral fear response 0.0355 3 39 ALS2, ASIC1, CCK
Response to pH 0.0355 3 41 ASIC1, ASIC2, GPR68
Behavioral defense response 0.0355 3 40 ALS2, ASIC1, CCK
Fear response 0.0355 3 41 ALS2, ASIC1, CCK
Positive regulation of hydrolase activity 0.0401 11 833 ALS2, RAPGEF2, MAGI2, RGS11, ARHGEF1, RIN2, ARHGAP29, ABR, CCK, SLC39A10, NLRP12
NcRNA transcription 0.0457 4 110 GTF3C4, SMARCA4, POLR2E, GTF2E1
Hexose mediated signaling 0.0457 2 13 SMARCA4, ADCY8
Sugar mediated signaling pathway 0.0457 2 13 SMARCA4, ADCY8
Glucose mediated signaling pathway 0.0457 2 13 SMARCA4, ADCY8
Positive regulation of cell communication 0.0457 18 1937 NEK6, SLC35B2, MALT1, GRIN2C, SLC39A10, ALS2, RAPGEF2, SMARCA4, NLRP12, DDX1, PIM2, GNAI2, TACR1, ADCY8, PTGDR2, GPR68, MIOS, PSMB7
Positive regulation of signaling 0.0457 18 1945 NEK6, SLC35B2, MALT1, GRIN2C, SLC39A10, ALS2, RAPGEF2, SMARCA4, NLRP12, DDX1, PIM2, GNAI2, TACR1, ADCY8, PTGDR2, GPR68, MIOS, PSMB7
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Appendix 1—Table 8. SNPs found to be strongly associated with growth SnpEff (136). SNPs that were identified as being strongly associated with both growth and composite 
fitness are italicized, and those that remain significant after a Bonferroni correction are bolded. 

Scaffold Position Significance REF ALT Variant Type Gene Identifier Gene Card 

HiC_scaffold_4 8897671 FDR A T intergenic CBRO_00012254-CBRO_00012255 Megf10-UNKNOWN 

HiC_scaffold_4 16057698 FDR C A intergenic CBRO_00012386-CBRO_00012387 CCND2-Mlycd 

HiC_scaffold_4 29273446 FDR T C synonymous CBRO_00012620 CKAP5 
HiC_scaffold_4 29273458 FDR C T synonymous CBRO_00012620 CKAP5 

HiC_scaffold_5 18259775 FDR C A upstream; intergenic 
CBRO_00001229; CBRO_00001229-
CBRO_00001230 AP1S2; AP1S2-phka2 

HiC_scaffold_5 18306419 FDR C G upstream; intergenic 
CBRO_00001232; CBRO_00001231-
CBRO_00001232 xlrs1; PPEF2-xlrs1 

HiC_scaffold_5 18306428 FDR A T upstream; intergenic 
CBRO_00001232; CBRO_00001231-
CBRO_00001232 xlrs1; PPEF2-xlrs1 

HiC_scaffold_5 18307019 FDR G T intronic CBRO_00001232 xlrs1 
HiC_scaffold_5 18307030 FDR G A intronic CBRO_00001232 xlrs1 
HiC_scaffold_5 36619253 FDR T C intergenic CBRO_00001583-CBRO_00001584 Chst12-ZDHHC13 

HiC_scaffold_7 13815058 FDR A G synonymous; downstream CBRO_00009805; CBRO_00009804 Aloxe3; UNKNOWN 
HiC_scaffold_7 13823565 FDR T C intronic CBRO_00009806 Fbxo30 
HiC_scaffold_7 13824467 FDR A G missense CBRO_00009806 Fbxo30 

HiC_scaffold_7 19371997 FDR C T upstream; intergenic 
CBRO_00009922; CBRO_00009921-
CBRO_00009922 ELOVL4; TENT5A-ELOVL4 

HiC_scaffold_7 19372002 FDR T G upstream; intergenic 
CBRO_00009922; CBRO_00009921-
CBRO_00009922 ELOVL4; TENT5A-ELOVL4 

HiC_scaffold_8 20265076 FDR T C upstream; intergenic 
CBRO_00010647; CBRO_00010647-
CBRO_00010648 Srcin1; Srcin1-Srcin1 

HiC_scaffold_8 20265098 FDR G C upstream; intergenic 
CBRO_00010647; CBRO_00010647-
CBRO_00010648 Srcin1; Srcin1-Srcin1 

HiC_scaffold_8 20278571 FDR G A intergenic CBRO_00010647-CBRO_00010648 Srcin1-Srcin1 
HiC_scaffold_9 15585466 FDR C G missense CBRO_00004552 Tmem260 

HiC_scaffold_9 18453213 FDR A G intergenic CBRO_00004639-CBRO_00004640 Bub1b-PAK6 
HiC_scaffold_9 28127377 FDR C T intergenic CBRO_00004857-CBRO_00004858 METTL21E-RASA3 

HiC_scaffold_10 193812 FDR C G intergenic CBRO_00018931-CBRO_00018932 Spsb4-UNKNOWN 
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HiC_scaffold_11 25632195 FDR C T intergenic CBRO_00013717-CBRO_00013718 CDH10-Cdh6 
HiC_scaffold_11 25632258 FDR C T intergenic CBRO_00013717-CBRO_00013718 CDH10-Cdh6 

HiC_scaffold_11 25632641 FDR A G intergenic CBRO_00013717-CBRO_00013718 CDH10-Cdh6 
HiC_scaffold_14 14624430 FDR T C intergenic CBRO_00014084-CBRO_00014085 KDM6B-FGF11 

HiC_scaffold_18 26970449 FDR C T intronic CBRO_00013239 CSAD 
HiC_scaffold_27 8137335 FDR G T intronic CBRO_00005998 SMARCA4 
HiC_scaffold_27 21919164 FDR G T synonymous CBRO_00006396 SSTR2 

HiC_scaffold_29 2136546 FDR A T upstream; intergenic 
CBRO_00016347; CBRO_00016347-
CBRO_00016348 RAPGEF6; RAPGEF6-ACSL6 

HiC_scaffold_29 2147361 FDR C T intergenic CBRO_00016347-CBRO_00016348 RAPGEF6-ACSL6 

HiC_scaffold_31 6226140 FDR A C intronic CBRO_00017224 ranbp9 
HiC_scaffold_34 7439419 FDR G T intergenic CBRO_00001828-CBRO_00001829 rnf152-CAMTA1 

HiC_scaffold_34 30571660 FDR C A intronic CBRO_00002374 SHMT2 
HiC_scaffold_40 4693917 FDR G A intronic CBRO_00016589 SLC37A1 

HiC_scaffold_40 4694015 FDR T C synonymous CBRO_00016589 SLC37A1 

HiC_scaffold_40 4723358 FDR A G intronic CBRO_00016591 UBXN4 
HiC_scaffold_40 4732538 FDR T C intronic CBRO_00016591 UBXN4 

HiC_scaffold_40 4734825 FDR G T intronic CBRO_00016591 UBXN4 
HiC_scaffold_40 4780518 FDR G C intronic CBRO_00016592 ITGB2 

HiC_scaffold_40 5016538 FDR C A upstream; intergenic 
CBRO_00016599; CBRO_00016599-
CBRO_00016600 RRP1B; RRP1B-ITGB2 

HiC_scaffold_43 26869231 FDR C G synonymous CBRO_00008677 lrpprc 

HiC_scaffold_43 27800569 FDR C T downstream; intergenic 
CBRO_00008685; CBRO_00008685-
CBRO_00008686 timp3; timp3-ETV6 

HiC_scaffold_44 19344526 FDR C T intergenic CBRO_00007178-CBRO_00007179 ATP11C-sox3 

HiC_scaffold_46 16495639 FDR G A intronic CBRO_00007743 PHLPP1 

HiC_scaffold_46 16510323 FDR G A intronic CBRO_00007743 PHLPP1 
HiC_scaffold_46 16512668 FDR T A intronic CBRO_00007743 PHLPP1 

HiC_scaffold_46 16512886 Bonferroni T A intronic CBRO_00007743 PHLPP1 
HiC_scaffold_46 16513809 FDR T C synonymous CBRO_00007743 PHLPP1 

HiC_scaffold_52 19031083 FDR T A intergenic CBRO_00011872-CBRO_00011873 NRP2-MREG 
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HiC_scaffold_52 19031216 FDR A T intergenic CBRO_00011872-CBRO_00011873 NRP2-MREG 
HiC_scaffold_1848 40119 Bonferroni C A intergenic . . 
HiC_scaffold_1848 40465 Bonferroni T A intergenic . . 
HiC_scaffold_1848 40590 FDR T C intergenic . . 
HiC_scaffold_1848 40877 FDR T C intergenic . . 
HiC_scaffold_1848 41351 FDR T C intergenic . . 
HiC_scaffold_7644 5971 Bonferroni T G intergenic . . 

HiC_scaffold_12681 4019 FDR T C upstream; intergenic CBRO_00022068; CBRO_00022068-CHR_END 
UNKNOWN; UNKNOWN-
CHR_END 
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Appendix 1—Table 9. Gene ontology term enrichment for genes associated with growth.

  

Functional Category Enrichment FDR Genes in list Total genes Genes

Negative regulation of intracellular signal transduction 0.0259 6 537 PPEF2, RNF152, RASA3, RANBP9, PHLPP1, TIMP3

Phosphorus metabolic process 0.0259 17 3597
PHLPP1, CCND2, PAK6, PPEF2, SHMT2, MLYCD, RRP1B, ITGB2, SRCIN1, PHKA2, ELOVL4, BUB1B, 
RANBP9, TIMP3, CAMTA1, ACSL6, RASA3

Phosphate-containing compound metabolic process 0.0259 17 3570
PHLPP1, CCND2, PAK6, PPEF2, SHMT2, MLYCD, RRP1B, ITGB2, SRCIN1, PHKA2, ELOVL4, BUB1B, 
RANBP9, TIMP3, CAMTA1, ACSL6, RASA3

Serine family amino acid catabolic process 0.0259 2 17 SHMT2, CSAD
Organic acid biosynthetic process 0.0259 6 466 ELOVL4, SHMT2, MLYCD, CHST12, ALOXE3, CSAD
Regulation of phosphate metabolic process 0.0259 11 1870 PHLPP1, CCND2, PAK6, PPEF2, SHMT2, RRP1B, ITGB2, SRCIN1, RANBP9, TIMP3, CAMTA1
Nucleoside bisphosphate biosynthetic process 0.0259 3 82 MLYCD, ELOVL4, ACSL6
Ribonucleoside bisphosphate biosynthetic process 0.0259 3 82 MLYCD, ELOVL4, ACSL6
Purine nucleoside bisphosphate biosynthetic process 0.0259 3 82 MLYCD, ELOVL4, ACSL6
Long-chain fatty-acyl-CoA biosynthetic process 0.0259 2 19 ELOVL4, ACSL6
Thioester biosynthetic process 0.0259 3 66 MLYCD, ELOVL4, ACSL6
Positive regulation by host of viral transcription 0.0259 2 18 SMARCA4, RRP1B
Sulfur compound biosynthetic process 0.0259 5 207 MLYCD, CHST12, ELOVL4, CSAD, ACSL6
Regulation of phosphorus metabolic process 0.0259 11 1872 PHLPP1, CCND2, PAK6, PPEF2, SHMT2, RRP1B, ITGB2, SRCIN1, RANBP9, TIMP3, CAMTA1
Acyl-CoA biosynthetic process 0.0259 3 66 MLYCD, ELOVL4, ACSL6
Hypothalamus development 0.0291 2 22 NRP2, SOX3
Sulfur compound metabolic process 0.0312 5 393 MLYCD, CHST12, ELOVL4, CSAD, ACSL6
Long-chain fatty-acyl-CoA metabolic process 0.0343 2 26 ELOVL4, ACSL6
Regulation of mitochondrial translation 0.0343 2 26 LRPPRC, SHMT2
Limbic system development 0.0405 3 115 NRP2, KDM6B, SOX3
Acyl-CoA metabolic process 0.0406 3 119 MLYCD, ELOVL4, ACSL6
Thioester metabolic process 0.0406 3 119 MLYCD, ELOVL4, ACSL6
Protein phosphorylation 0.0412 11 2093 PHLPP1, CCND2, PAK6, PPEF2, ITGB2, SRCIN1, PHKA2, BUB1B, RANBP9, TIMP3, RASA3
Modulation by host of viral transcription 0.0412 2 33 SMARCA4, RRP1B
Carboxylic acid biosynthetic process 0.0412 5 465 ELOVL4, SHMT2, MLYCD, CHST12, ALOXE3
Modulation of transcription in other organism involved in 
symbiotic interaction 0.0412 2 34 SMARCA4, RRP1B
Modulation by host of symbiont transcription 0.0412 2 33 SMARCA4, RRP1B

Cellular protein modification process 0.0495 17 4434
PHLPP1, CCND2, PAK6, PPEF2, RNF152, ITGB2, SPSB4, SRCIN1, PHKA2, FBXO30, KDM6B, BUB1B, RANBP9, 
TIMP3, CAMTA1, SHMT2, RASA3

Protein modification process 0.0495 17 4434
PHLPP1, CCND2, PAK6, PPEF2, RNF152, ITGB2, SPSB4, SRCIN1, PHKA2, FBXO30, KDM6B, BUB1B, RANBP9, 
TIMP3, CAMTA1, SHMT2, RASA3
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Appendix 1—Table 10. List of the 31 morphological traits measured for this study, and 
standard length; corresponding landmark ID’s match those shown in Figure 2—figure 
supplement 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Trait 
Index Trait Description Trait Shorthand Points 
1 Nasal protrusion nose 3-4 
2 Nasal length foresnout 2-5 
3 Orbit to anal fin insertion bellylen 6-15 
4 Lateral facial length snoutlen 2-6 
5 Upper jaw to pectoral girdle jaw2pect 2-14 
6 Lateral skull length pmx2add 2-11 
7 Premaxilla length pmxlen 2-9 
8 Lower mandible length jawlen 1-9 
9 Jaw joint to orbit foreeyewidth 6-9 
10 Horizontal orbit diameter eyewidth 6-8 
11 Vertical orbit diameter eyeht 7-10 
12 Head height headht 7-9 
13 Suspensorium length suspensorium 9-11 
14 Adductor height adductorht 11-12 
15 Subopercle to pectoral girdle ad2pect 11-14 
16 Pectoral fin insertion width pectinsertion 13-14 
17 Anal to caudal distance analtocaudal 15-16 
18 Caudal peduncle height caudalpedht 16-18 
19 Dorsal to caudal distance dorsaltocaudal 18-19 
20 Body depth bodydepth 15-19 
21 Nasal protrusion angle nasalangle 7-5-3 
22 Premaxilla to orbit angle topeyeangle 7-2-10 
23 Premaxilla to adductor angle lowereyeangle 7-2-11 
24 Dorsal facial length dorsalsnoutlen 23-24, 25-26 
25 Adductor to premaxilla eyetosnout 21-24, 25-28 
26 Neurocranium to premaxilla headlen 24-20, 25-29 
27 Orbit to premaxilla innereyetosnout 22-24, 25-27 
28 Interorbital width cranialwidth 22-27 
29 Orbital neurocranium width hindeyewidth 21-28 
30 Max. neurocranium width headwidth 20-29 
31 Standard length (SL) SL 2-17 
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Appendix 1—Table 11. Generalized additive models fitted to composite fitness. Model fit was assessed using AICc, and Akaike 
Weights represent proportional model support. A thin plate spline for the two linear discriminant axes s(LD1, LD2) is always 
included, as is a fixed effect of either experiment (i.e. Martin & Wainwright 2013, Martin and Gould 2020) or Lake (Crescent 
Pond/Little Lake) or an interaction between the two. In the last two models, Experiment and Lake are included as splines, modeled 
using a factor smooth (bs = “fs”). The best fit model had 5 estimated degrees of freedom. 

 
 

Model AICc ΔAICc Akaike Weights 

Composite ~ s(LD1, LD2) + Experiment + Lake 99.114 0.000 0.825 
Composite ~ s(LD1, LD2) + Experiment * Lake 102.210 3.096 0.175 
Composite ~ s(LD1, LD2) + s(LD1) + s(LD2) + Experiment + Lake 131.456 32.342 < 0.001 
Composite ~ s(LD1, LD2) + s(LD1) + s(LD2) + Experiment * Lake 135.894 36.781 < 0.001 
Composite ~ s(LD1, LD2) + s(LD1, Experiment, bs = "fs") + s(LD2, Experiment, bs = "fs") + Lake 230.428 131.314 < 0.001 
Composite ~ s(LD1, LD2) + s(LD1, Lake, bs = "fs") + s(LD2, Lake, bs = "fs") + Experiment 230.868 131.754 < 0.001 
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Appendix 1—Table 12.  
Generalized additive models fitted to growth. Model fit was assessed using AICc, and Akaike Weights represent proportional 
model support. A thin plate spline for the two linear discriminant axes s(LD1, LD2) is always included, as is a fixed effect of either 
experiment (i.e. Martin & Wainwright 2013, Martin and Gould 2020) or Lake (Crescent Pond/Little Lake) or an interaction between 
the two. In the last two models, Experiment and Lake are included as splines, modeled using a factor smooth (bs = “fs”). The best fit 
model had 8.93 estimated degrees of freedom. 

Model AICc ΔAICc Akaike Weights 

Growth ~ s(LD1, LD2) + Experiment * Lake -44.658 0.000 1 
Growth ~ s(LD1, LD2) + Experiment + Lake 3.904 48.562 < 0.001 
Growth ~ s(LD1, LD2) + s(LD1) + s(LD2) + Experiment * Lake 46.249 90.907 < 0.001 
Growth ~ s(LD1, LD2) + s(LD1) + s(LD2) + Experiment + Lake 89.121 133.779 < 0.001 
Growth ~ s(LD1, LD2) + s(LD1, Lake, bs = "fs") + s(LD2, Lake, bs = "fs") + Experiment 690.379 735.038 < 0.001 
Growth ~ s(LD1, LD2) + s(LD1, Experiment, bs = "fs") + s(LD2, Experiment, bs = "fs") + Lake 693.748 738.406 < 0.001 
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Appendix 1—Table 13. Generalized additive models fitted to survival. Model fit was assessed using AICc, and Akaike Weights 
represent proportional model support. A thin plate spline for the two linear discriminant axes s(LD1, LD2) is always included, as is a 
fixed effect of either experiment (i.e. Martin & Wainwright 2013, Martin and Gould 2020) or Lake (Crescent Pond/Little Lake) or an 
interaction between the two. In the last two models, Experiment and Lake are included as splines, modeled using a factor smooth (bs = 
“fs”). The best fit model had 5 estimated degrees of freedom. 

Model AICc ΔAICc Akaike Weights 

Survival ~ s(LD1, LD2) + Experiment + Lake 141.057 0.000 0.849 

Survival ~ s(LD1, LD2) + Experiment * Lake 144.504 3.447 0.151 
Survival ~ s(LD1, LD2) + s(LD1) + s(LD2) + Experiment + Lake 173.399 32.342 < 0.001 
Survival ~ s(LD1, LD2) + s(LD1) + s(LD2) + Experiment * Lake 178.189 37.132 < 0.001 
Survival ~ s(LD1, LD2) + s(LD1, Experiment, bs = "fs") + s(LD2, Experiment, bs = "fs") + Lake 273.547 132.490 < 0.001 
Survival ~ s(LD1, LD2) + s(LD1, Lake, bs = "fs") + s(LD2, Lake, bs = "fs") + Experiment 273.694 132.637 < 0.001 
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Appendix 1—Table 14. Generalized additive models fitted to growth including SNPs most strongly associated with composite 
fitness. Model fit was assessed using AICc, and Akaike Weights represent proportional model support. The best fit model for 
composite fitness using morphology alone (see Table 8) was used as the base model. The SNPs that were most strongly associated 
with composite fitness (following a Bonferroni correction) were included as fixed effects, modeled as splines using a factor smooth, 
treating genotype as an ordered factor. Note that three SNPs were excluded due to their close proximity to other SNPs that were more 
strongly associated. All SNPs were considered individually, as well as all SNPs together. We were unable to assess all possible 
combinations of SNPs due to the vast number of potential models given the number of SNPs under consideration; rather, we fit one 
final model that only included SNPs found to be significant in the full model. In turn this model led to a substantial improvement in 
AICc. The best fit model had 20.29 estimated degrees of freedom.  

Model AICc ΔAICc Akaike Weights 

Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site1) + s(Site2) + s(Site6) + s(Site7) 
+ s(Site8) + s(Site9) + s(Site10) 

4.586 0.000 0.999 

Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site1) + s(Site2) + s(Site3) + s(Site4) 
+ s(Site5) + s(Site6) + s(Site7) + s(Site8) + s(Site9) + s(Site10) 

40.876 36.290 < 0.001 

Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site3) 55.588 51.001 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site7) 58.386 53.800 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site4) 65.453 60.867 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site2) 71.245 66.658 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site5) 72.329 67.743 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site1) 73.671 69.085 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site8) 74.413 69.827 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site9) 74.680 70.094 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site10) 88.977 84.391 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake + s(Site6) 90.427 85.841 < 0.001 
Composite Fitness ~ s(LD1, LD2) + Experiment + Lake 99.114 94.527 < 0.001 

Note: Site1 = HiC_Scaffold_1:43866598, Site2 = HiC_Scaffold_53:11317840, Site3 = HiC_Scaffold_46:35151009, Site4 = HiC_Scaffold_8:20263964, Site5 = 
37:18591438, Site5 = HiC_Scaffold_37:18591438, Site6 = HiC_Scaffold_24:15964553, Site7 = HiC_Scaffold_1848:40590, Site8 = HiC_Scaffold_4461:12939, 
Site9 = HiC_Scaffold_12778:1456, Site10 = HiC_Scaffold_18999:1084.
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Appendix 1—Table 15. Generalized additive models fitted to growth including SNPs most strongly associated with growth. 
Model fit was assessed using AICc, and Akaike Weights represent proportional model support. The best fit model for growth using 
morphology alone (see Table 9) was used as the base model. Each of the four SNPs that were most strongly associated with growth 
(following a Bonferroni correction) were included as fixed effects, modeled as splines using a factor smooth, treating genotype as an 
ordered factor. All SNPs were considered individually, as well as all possible combinations. This was only feasible due to the small 
number of SNPs assessed (four). The best fit model had 7.97 estimated degrees of freedom.  
Model AICc ΔAICc Akaike Weights 

Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site3) + s(Site4) -67.649 0.000 0.490 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site3) -65.634 2.015 0.179 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site1) -64.161 3.488 0.086 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site1) + s(Site3) -63.926 3.723 0.076 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site1) + s(Site2) -63.861 3.788 0.074 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site2) + s(Site4) -63.503 4.146 0.062 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site2) -61.849 5.800 0.027 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site1) + s(Site4) -58.044 9.604 0.004 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site4) -56.068 11.581 0.001 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site1) + s(Site3) + s(Site4) -54.878 12.770 < 0.001 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site1) + s(Site2) + s(Site4) -54.509 13.140 < 0.001 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site2) + s(Site3) -47.602 20.047 < 0.001 
Growth ~ s(LD1, LD2) + Experiment * Lake -44.658 22.990 < 0.001 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site1) + s(Site2) + s(Site3) -41.689 25.960 < 0.001 
Growth ~ s(LD1, LD2) + Experiment * Lake + s(Site1) + s(Site2) + s(Site3) + s(Site4) -29.801 37.847 < 0.001 

Note: Site1 = HiC_Scaffold_46:16512886, Site2 = HiC_Scaffold_1848:40119, Site3 = HiC_Scaffold_1848:40465, Site4 = HiC_Scaffold_7644:5971
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Appendix 1—Table 16. General linear models fitted to examine the relationship between aspects of network size (i.e. number 
of nodes, number of edges linking neighboring nodes) and the number of accessible paths between generalists and specialists. 
Models were fitted using each of the three different fitness measures; bolded lines correspond to the best-fit model for each response 
variable, within each measure of fitness. Poisson regression was chosen as each response variable correspond to count-data. Because 
Poisson regression models are log-linear, we report both the estimated coefficient, as well as it’s exponentiated value which 
corresponds to the expected multiplicative increase in the mean of Y per unit-value of X.  

 

Fitness Measure Model Family AIC Coefficient exp(Coefficient) P-value
# Edges in Network ~ # Nodes in Network Poisson 34260.63 0.0342 1.0348 < 0.0001
# Edges in Network ~ # Nodes in Network + Trajectory Poisson 34260.93 0.0344 1.0350 < 0.0001
# Edges in Network ~ # Nodes in Network * Trajectory Poisson 33599.17 0.0386 1.0394 < 0.0001
# Accessible Paths ~ # Nodes In Network Poisson 12207.29 0.0082 1.0083 < 0.0001
# Accessible Paths ~ # Nodes In Network + Trajectory Poisson 12203.83 0.0061 1.0062 < 0.0001
# Accessible Paths ~ # Nodes In Network * Trajectory Poisson 12204.89 0.0071 1.0071 < 0.0001
# Accessible Paths ~ # Edges In Network Poisson 12203.07 0.0044 1.0044 < 0.0001
# Accessible Paths ~ # Edges In Network + Trajectory Poisson 12200.31 0.0034 1.0034 < 0.0001
# Accessible Paths ~ # Edges In Network * Trajectory Poisson 12201.69 0.0039 1.0039 < 0.0001
# Edges in Network ~ # Nodes in Network Poisson 26739.96 0.0478 1.0489 < 0.0001
# Edges in Network ~ # Nodes in Network + Trajectory Poisson 26711.02 0.0489 1.0501 < 0.0001
# Edges in Network ~ # Nodes in Network * Trajectory Poisson 26507.72 0.0532 1.0546 < 0.0001
# Accessible Paths ~ # Nodes In Network Poisson 10162.51 0.0106 1.0107 < 0.0001
# Accessible Paths ~ # Nodes In Network + Trajectory Poisson 10160.39 0.0083 1.0083 0.0002
# Accessible Paths ~ # Nodes In Network * Trajectory Poisson 10162.28 0.0088 1.0089 0.0011
# Accessible Paths ~ # Edges In Network Poisson 10159.39 0.0062 1.0062 < 0.0001
# Accessible Paths ~ # Edges In Network + Trajectory Poisson 10157.09 0.0050 1.0050 < 0.0001
# Accessible Paths ~ # Edges In Network * Trajectory Poisson 10159.09 0.0050 1.0050 0.0010
# Edges in Network ~ # Nodes in Network Poisson 32986.67 0.0346 1.0352 < 0.0001
# Edges in Network ~ # Nodes in Network + Trajectory Poisson 32978.31 0.0350 1.0356 < 0.0001
# Edges in Network ~ # Nodes in Network * Trajectory Poisson 32437.55 0.0384 1.0392 < 0.0001
# Accessible Paths ~ # Nodes In Network Poisson 11725.19 0.0058 1.0058 < 0.0001
# Accessible Paths ~ # Nodes In Network + Trajectory Poisson 11727.13 0.0056 1.0056 0.0001
# Accessible Paths ~ # Nodes In Network * Trajectory Poisson 11727.11 0.0068 1.0068 < 0.0001
# Accessible Paths ~ # Edges In Network Poisson 11722.24 0.0032 1.0032 < 0.0001
# Accessible Paths ~ # Edges In Network + Trajectory Poisson 11724.23 0.0031 1.0031 < 0.0001
# Accessible Paths ~ # Edges In Network * Trajectory Poisson 11725.27 0.0036 1.0036 < 0.0001

Composite

Growth

Survival
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Appendix 1—Table 17. Accessibility of specialists to generalists and the ruggedness of their respective fitness landscapes. Odds 
ratios were obtained by modelling the association between each summary statistic and the species from which adaptive loci were used 
to construct the fitness network. Scale-eaters were treated as the baseline of comparison in the comparison of odds ratios; thus, 
positive odds ratios imply that summary statistics for molluscivore fitness networks are greater than those constructed from scale-eater 
adaptive loci and vice versa. For generalist to specialist comparisons, accessible paths were identified between one randomly sampled 
generalist node and one randomly sampled specialist node. For comparison of the peaks in networks, these summary statistics were 
calculated from either molluscivore or scale-eater fitness networks, identifying the number of peaks (nodes with no fitter neighbors – 
see Methods), and the scaled (total divided by number of nodes in the network) number of accessible paths separating all focal 
specialist nodes and all peaks in the network.  

Comparison Summary Statistic 
Mean / SE Mean / SE Odds Ratio: (95% CI)  

LRT P-value 
Molluscivore Network Scale-Eater Network Molluscivore / Scale Eater 

Generalist 
to Specialist 

Number of nodes in network 22.994 / 0.106 31.000 / 0.177 0.818: (0.807, 0.829) < 0.0001 

Number of accessible paths 1.105 / 0.007 1.268 / 0.018 0.515: (0.449, 0.588) < 0.0001 

Scaled number of accessible 
paths 

0.051 / 0.001 0.042 / 0.001 2.095: (1.934, 2.274) < 0.0001 

Length of shortest accessible 
path 

2.410 / 0.012 3.444 / 0.029 0.253: (0.231, 0.277) < 0.0001 

Peaks in 
Network 

Number of peaks 3.274 / 0.035 4.637 / 0.046 0.604: (0.575, 0.634) < 0.0001 

Scaled number of accessible 
paths to peaks 

0.095 / 0.001 0.087 / 0.001 1.514: (1.404, 1.635) < 0.0001 

Length of shortest accessible 
path to nearest peak 

0.823 / 0.022 1.482 / 0.029 0.539: (0.500, 0.579) < 0.0001 
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Appendix 1—Table 18. Influence of different sources of adaptive genetic variation on accessibility of fitness paths separating either generalists from molluscivores, or 
generalists and scale-eaters using all samples. Results for networks using all three measures of fitness (composite fitness, survival, and growth) are reported. Networks were 
constructed from random draws of five SNPs from either Standing genetic variation (SGV), introgression, or de novo mutations, as well as their combinations. Odds ratios were 
obtained by modelling the association between each accessibility measure and the source of genetic variation used to construct the fitness network, relative to networks constructed 
from standing variation. Thus, positive odds ratios imply that networks from standing variation have measures of accessibility that are smaller as compared to the alternative (e.g. 
introgression, de novo mutations, etc). 

 

Mean / SE LRT P-value Odds Ratio: (95% CI) Mean / SE LRT P-value Odds Ratio: (95% CI) Mean / SE LRT P-value Odds Ratio: (95% CI)
# Nodes in network 22.095 / 0.118 < 0.0001 0.627: (0.606, 0.646) 17.630 / 0.098 < 0.0001 0.556: (0.535, 0.577) 21.845 / 0.108 < 0.0001 0.628: (0.608, 0.646)
# Accessible paths 1.071 / 0.005 < 0.0001 0.442: (0.378, 0.515) 1.099 / 0.007 < 0.0001 0.721: (0.613, 0.842) 1.039 / 0.004 < 0.0001 0.214: (0.174, 0.259)
# Accessible paths / # nodes in network 0.052 / 0.0004 < 0.0001 17.131: (15.076, 19.556) 0.066 / 0.0006 < 0.0001 10.272: (9.105, 11.636) 0.051 / 0.0003 < 0.0001 11.256: (10.121, 12.560)
Length of shortest accessible path 2.480 / 0.013 < 0.0001 0.768: (0.717, 0.823) 2.457 / 0.016 0.8826 0.994: (0.915, 1.079) 2.475 / 0.012 < 0.0001 0.662: (0.619, 0.707)
Ruggedness (# of peaks) 1.444 /  0.025 < 0.0001 0.250: (0.234, 0.268) 0.706 /  0.018 < 0.0001 0.252: (0.233, 0.271)  1.863 /  0.033 < 0.0001 0.397: (0.378, 0.416)
# Nodes in network 32.167 / 0.146 < 0.0001 0.820: (0.813, 0.827) 22.994 / 0.106 < 0.0001 0.777: (0.768, 0.786) 32.386 / 0.144 < 0.0001 0.826: (0.819, 0.833)
# Accessible paths 1.117 / 0.007 < 0.0001 0.694: (0.624, 0.771) 1.105 / 0.006 < 0.0001 0.773: (0.684, 0.873) 1.140 / 0.007 < 0.0001 0.666: (0.608, 0.728)
# Accessible paths / # nodes in network 0.037 / 0.0002 < 0.0001 3.974: (3.707, 4.266) 0.051 / 0.0003 < 0.0001 3.538: (3.297, 3.802) 0.038 / 0.0003 < 0.0001 3.108: (2.922, 3.309)
Length of shortest accessible path 2.524 / 0.012 < 0.0001 0.843: (0.793, 0.894) 2.410 / 0.011 0.0050 0.897: (0.835, 0.962) 2.573 / 0.012 < 0.0001 0.798: (0.755, 0.843)
Ruggedness (# of peaks) 3.906 /  0.034 < 0.0001 0.523: (0.509, 0.537) 2.218 /  0.028 < 0.0001 0.556: (0.539, 0.574)  5.651 /  0.056 < 0.0001 0.690: (0.680, 0.700)
# Nodes in network 45.783 / 0.261 < 0.0001 0.866: (0.858, 0.874) 33.569 / 0.232 < 0.0001 0.838: (0.827, 0.849) 45.423 / 0.270 < 0.0001 0.870: (0.862, 0.879)
# Accessible paths 1.190 / 0.012 < 0.0001 0.632: (0.564, 0.706) 1.178 / 0.013 < 0.0001 0.637: (0.556, 0.728) 1.191 / 0.012 < 0.0001 0.668: (0.593, 0.751)
# Accessible paths / # nodes in network 0.027 / 0.0003 < 0.0001 1.790: (1.658, 1.936) 0.037 / 0.0004 < 0.0001 2.011: (1.837, 2.206) 0.028 / 0.0003 < 0.0001 1.931: (1.778, 2.101)
Length of shortest accessible path 3.033 / 0.021 < 0.0001 0.552: (0.513, 0.593) 3.040 / 0.023 < 0.0001 0.570: (0.525, 0.618) 3.103 / 0.021 < 0.0001 0.679: (0.629, 0.733)
Ruggedness (# of peaks) 7.879 /  0.036 < 0.0001 0.752: (0.739, 0.766) 5.516 /  0.033 < 0.0001 0.724: (0.709, 0.740) 15.020 /  0.088 < 0.0001 0.838: (0.831, 0.845)
# Nodes in network 46.292 / 0.177 < 0.0001 0.835: (0.826, 0.844) 35.650 / 0.129 < 0.0001 0.796: (0.783, 0.808) 46.251 / 0.199 < 0.0001 0.844: (0.835, 0.854)
# Accessible paths 1.234 / 0.012 < 0.0001 0.736: (0.673, 0.803) 1.196 / 0.011 < 0.0001 0.686: (0.612, 0.766) 1.172 / 0.011 < 0.0001 0.628: (0.559, 0.703)
# Accessible paths / # nodes in network 0.027 / 0.0002 < 0.0001 1.908: (1.770, 2.061) 0.034 / 0.0003 < 0.0001 1.764: (1.622, 1.922) 0.026 / 0.0002 < 0.0001 1.818: (1.678, 1.972)
Length of shortest accessible path 3.088 / 0.018 < 0.0001 0.589: (0.553, 0.628) 3.029 / 0.018 < 0.0001 0.555: (0.515, 0.597) 2.920 / 0.017 < 0.0001 0.518: (0.477, 0.560)
Ruggedness (# of peaks) 8.381 /  0.034 < 0.0001 0.806: (0.792, 0.819) 6.145 /  0.031 < 0.0001 0.809: (0.792, 0.825) 15.615 /  0.079 < 0.0001 0.836: (0.829, 0.843)
# Nodes in network 56.559 / 0.272 < 0.0001 0.952: (0.945, 0.959) 40.858 / 0.238 < 0.0001 0.925: (0.915, 0.935) 55.717 / 0.302 < 0.0001 0.950: (0.943, 0.957)
# Accessible paths 1.331 / 0.019 0.0199 0.904: (0.831, 0.981) 1.304 / 0.021 0.1646 0.928: (0.835, 1.031) 1.312 / 0.022 0.1469 0.932: (0.850, 1.018)
# Accessible paths / # nodes in network 0.024 / 0.0003 < 0.0001 1.167: (1.089, 1.252) 0.033 / 0.0005 < 0.0001 1.270: (1.172, 1.379) 0.024 / 0.0004 < 0.0001 1.209: (1.121, 1.304)
Length of shortest accessible path 3.415 / 0.026 < 0.0001 0.828: (0.777, 0.882) 3.419 / 0.031 < 0.0001 0.851: (0.793, 0.913) 3.263 / 0.026 < 0.0001 0.823: (0.763, 0.887)
Ruggedness (# of peaks) 9.319 /  0.036 < 0.0001 0.943: (0.928, 0.957) 6.731 /  0.030 < 0.0001 0.912: (0.895, 0.930) 19.924 /  0.089 < 0.0001 0.954: (0.948, 0.960)
# Nodes in network 56.723 / 0.214 < 0.0001 0.947: (0.941, 0.954) 42.261 / 0.177 < 0.0001 0.936: (0.926, 0.946) 56.488 / 0.230 < 0.0001 0.951: (0.943, 0.958)
# Accessible paths 1.344 / 0.019 0.0522 0.931: (0.865, 1.001) 1.287 / 0.018 0.0473 0.901: (0.816, 0.994) 1.315 / 0.023 0.1632 0.949: (0.879, 1.021)
# Accessible paths / # nodes in network 0.024 / 0.0003 < 0.0001 1.155: (1.081, 1.235) 0.031 / 0.0004 0.0017 1.128: (1.046, 1.218) 0.024 / 0.0004 0.0004 1.134: (1.057, 1.218)
Length of shortest accessible path 3.431 / 0.024 < 0.0001 0.842: (0.794, 0.892) 3.391 / 0.027 < 0.0001 0.834: (0.780, 0.891) 3.299 / 0.023 < 0.0001 0.859: (0.802, 0.920)
Ruggedness (# of peaks) 9.525 /  0.035 0.0006 0.973: (0.958, 0.988) 6.975 /  0.029 0.0006 0.967: (0.949, 0.986) 19.849 /  0.085 < 0.0001 0.950: (0.944, 0.956)
# Nodes in network 46.882 / 0.200 < 0.0001 0.826: (0.816, 0.837) 31.000 / 0.177 < 0.0001 0.722: (0.703, 0.739) 46.875 / 0.222 < 0.0001 0.835: (0.823, 0.845)
# Accessible paths 1.322 / 0.019 0.0125 0.896: (0.824, 0.971) 1.268 / 0.018 0.0102 0.855: (0.762, 0.956) 1.247 / 0.018 0.0001 0.811: (0.726, 0.900)
# Accessible paths / # nodes in network 0.029 / 0.0004 < 0.0001 1.879: (1.734, 2.041) 0.042 / 0.0006 < 0.0001 2.798: (2.511, 3.128) 0.027 / 0.0004 < 0.0001 1.785: (1.640, 1.948)
Length of shortest accessible path 3.484 / 0.026 < 0.0001 0.876: (0.823, 0.932) 3.444 / 0.029 < 0.0001 0.861: (0.800, 0.925) 3.221 / 0.024 < 0.0001 0.775: (0.716, 0.838)
Ruggedness (# of peaks) 7.440 /  0.029 < 0.0001 0.650: (0.637, 0.664) 4.555 /  0.025 < 0.0001 0.485: (0.471, 0.500) 12.933 /  0.062 < 0.0001 0.725: (0.716, 0.734)

Survival
AccessibilitySourceTrajectory

Composite Fitness Growth

SGV + De novo

SGV + De novo 
+ Introgression

Generalist to 
Molluscivore

Generalist to 
Scale-eater

SGV + 
Introgression

Introgression

De novo

SGV + 
Introgression

Introgression
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Appendix 1—Table 19. Influence of different sources of adaptive genetic variation on accessibility of fitness paths separating either generalists from molluscivores, or 
generalists and scale-eaters using only samples from the second field experiment (Martin & Gould 2021). Results for networks using all three measures of fitness (composite 
fitness, survival, and growth) are reported. Networks were constructed from random draws of five SNPs from either Standing genetic variation (SGV), introgression, or de novo 
mutations, as well as their combinations. Odds ratios were obtained by modelling the association between each accessibility measure and the source of genetic variation used to 
construct the fitness network, relative to networks constructed from standing variation. Thus, positive odds ratios imply that networks from standing variation have measures of 
accessibility that are smaller as compared to the alternative (e.g. introgression, de novo mutations, etc). 

 

Mean / SE LRT P-value Odds Ratio: (95% CI) Mean / SE LRT P-value Odds Ratio: (95% CI) Mean / SE LRT P-value Odds Ratio: (95% CI)
# Nodes in network 22.062 / 0.118 < 0.0001 0.628: (0.608, 0.648) 17.632 / 0.099 < 0.0001 0.556: (0.535, 0.577) 21.836 / 0.107 < 0.0001 0.617: (0.596, 0.637)
# Accessible paths 1.067 / 0.005 < 0.0001 0.402: (0.341, 0.471) 1.107 / 0.008 < 0.0001 0.721: (0.618, 0.836) 1.039 / 0.004 < 0.0001 0.205: (0.167, 0.248)
# Accessible paths / # nodes in network 0.052 / 0.0004 < 0.0001 16.263: (14.350, 18.515) 0.066 / 0.0006 < 0.0001 9.411: (8.375, 10.617) 0.051 / 0.0003 < 0.0001 10.698: (9.642, 11.907)
Length of shortest accessible path 2.483 / 0.013 < 0.0001 0.751: (0.700, 0.804) 2.465 / 0.016 0.7601 0.987: (0.908, 1.073) 2.473 / 0.013 < 0.0001 0.652: (0.610, 0.695)
Ruggedness (# of peaks) 1.437 /  0.025 < 0.0001 0.247: (0.230, 0.264) 0.702 /  0.018 < 0.0001 0.257: (0.238, 0.276)  1.853 /  0.033 < 0.0001 0.405: (0.386, 0.425)
# Nodes in network 32.301 / 0.146 < 0.0001 0.824: (0.818, 0.831) 23.042 / 0.103 < 0.0001 0.769: (0.760, 0.779) 32.488 / 0.144 < 0.0001 0.826: (0.819, 0.832)
# Accessible paths 1.134 / 0.007 < 0.0001 0.753: (0.681, 0.832) 1.115 / 0.007 < 0.0001 0.778: (0.693, 0.871) 1.146 / 0.008 < 0.0001 0.664: (0.609, 0.723)
# Accessible paths / # nodes in network 0.037 / 0.0002 < 0.0001 3.929: (3.671, 4.210) 0.051 / 0.0003 < 0.0001 3.505: (3.267, 3.765) 0.037 / 0.0002 < 0.0001 3.053: (2.874, 3.245)
Length of shortest accessible path 2.538 / 0.012 < 0.0001 0.842: (0.793, 0.893) 2.426 / 0.011 0.0136 0.907: (0.846, 0.974) 2.597 / 0.013 < 0.0001 0.819: (0.777, 0.863)
Ruggedness (# of peaks) 3.954 /  0.034 < 0.0001 0.518: (0.504, 0.532) 2.243 /  0.028 < 0.0001 0.560: (0.542, 0.577)  5.742 /  0.056 < 0.0001 0.690: (0.680, 0.700)
# Nodes in network 45.775 / 0.254 < 0.0001 0.864: (0.855, 0.872) 33.658 / 0.219 < 0.0001 0.837: (0.826, 0.849) 45.306 / 0.264 < 0.0001 0.862: (0.853, 0.870)
# Accessible paths 1.202 / 0.013 < 0.0001 0.723: (0.647, 0.803) 1.180 / 0.013 < 0.0001 0.733: (0.639, 0.835) 1.208 / 0.013 < 0.0001 0.743: (0.661, 0.830)
# Accessible paths / # nodes in network 0.027 / 0.0003 < 0.0001 1.959: (1.809, 2.125) 0.037 / 0.0004 < 0.0001 2.243: (2.038, 2.476) 0.028 / 0.0003 < 0.0001 2.087: (1.916, 2.279)
Length of shortest accessible path 3.108 / 0.022 < 0.0001 0.605: (0.564, 0.648) 3.063 / 0.022 < 0.0001 0.568: (0.523, 0.615) 3.132 / 0.022 < 0.0001 0.713: (0.662, 0.768)
Ruggedness (# of peaks) 7.928 /  0.036 < 0.0001 0.760: (0.747, 0.773) 5.572 /  0.033 < 0.0001 0.727: (0.712, 0.743) 15.072 /  0.087 < 0.0001 0.838: (0.831, 0.845)
# Nodes in network 46.510 / 0.177 < 0.0001 0.843: (0.834, 0.851) 35.882 / 0.129 < 0.0001 0.808: (0.796, 0.820) 46.454 / 0.196 < 0.0001 0.843: (0.833, 0.852)
# Accessible paths 1.223 / 0.011 < 0.0001 0.775: (0.708, 0.846) 1.202 / 0.011 0.0002 0.806: (0.723, 0.896) 1.168 / 0.010 < 0.0001 0.639: (0.566, 0.717)
# Accessible paths / # nodes in network 0.027 / 0.0002 < 0.0001 2.010: (1.861, 2.176) 0.034 / 0.0003 < 0.0001 1.934: (1.768, 2.121) 0.026 / 0.0002 < 0.0001 1.874: (1.730, 2.034)
Length of shortest accessible path 3.100 / 0.018 < 0.0001 0.602: (0.566, 0.640) 3.049 / 0.018 < 0.0001 0.564: (0.524, 0.605) 2.935 / 0.017 < 0.0001 0.553: (0.512, 0.596)
Ruggedness (# of peaks) 8.336 /  0.034 < 0.0001 0.798: (0.784, 0.812) 6.147 /  0.030 < 0.0001 0.803: (0.787, 0.820) 15.630 /  0.079 < 0.0001 0.837: (0.830, 0.844)
# Nodes in network 56.208 / 0.268 < 0.0001 0.952: (0.946, 0.959) 41.204 / 0.243 < 0.0001 0.937: (0.928, 0.947) 55.697 / 0.277 < 0.0001 0.948: (0.940, 0.955)
# Accessible paths 1.339 / 0.021 0.6195 0.980: (0.907, 1.060) 1.285 / 0.020 0.922 0.985: (0.885, 1.097) 1.307 / 0.020 0.256 0.946: (0.866, 1.031)
# Accessible paths / # nodes in network 0.024 / 0.0004 < 0.0001 1.234: (1.151, 1.325) 0.032 / 0.0005 < 0.0001 1.299: (1.196, 1.413) 0.024 / 0.0004 < 0.0001 1.231: (1.144, 1.327)
Length of shortest accessible path 3.465 / 0.026 < 0.0001 0.860: (0.809, 0.914) 3.460 / 0.030 < 0.0001 0.860: (0.802, 0.922) 3.306 / 0.025 0.0001 0.867: (0.807, 0.932)
Ruggedness (# of peaks) 9.231 /  0.036 < 0.0001 0.930: (0.915, 0.944) 6.666 /  0.030 < 0.0001 0.902: (0.885, 0.920) 19.815 /  0.090 < 0.0001 0.951: (0.945, 0.957)
# Nodes in network 56.259 / 0.212 < 0.0001 0.947: (0.940, 0.953) 41.991 / 0.173 < 0.0001 0.936: (0.925, 0.946) 56.339 / 0.224 < 0.0001 0.949: (0.942, 0.956)
# Accessible paths 1.329 / 0.017 0.4575 0.966: (0.895, 1.042) 1.290 / 0.020 0.922 0.995: (0.905, 1.097) 1.329 / 0.018 0.5596 0.976: (0.900, 1.059)
# Accessible paths / # nodes in network 0.024 / 0.0003 < 0.0001 1.233: (1.153, 1.319) 0.031 / 0.0004 < 0.0001 1.225: (1.133, 1.326) 0.024 / 0.0003 < 0.0001 1.243: (1.158, 1.335)
Length of shortest accessible path 3.452 / 0.023 < 0.0001 0.851: (0.803, 0.902) 3.379 / 0.025 < 0.0001 0.800: (0.748, 0.856) 3.288 / 0.022 < 0.0001 0.852: (0.797, 0.912)
Ruggedness (# of peaks) 9.406 /  0.035 < 0.0001 0.953: (0.938, 0.968) 6.898 /  0.029 < 0.0001 0.948: (0.930, 0.966) 19.782 /  0.084 < 0.0001 0.947: (0.941, 0.953)
# Nodes in network 47.220 / 0.207 < 0.0001 0.841: (0.831, 0.851) 31.051 / 0.183 < 0.0001 0.740: (0.723, 0.757) 47.117 / 0.224 < 0.0001 0.840: (0.829, 0.850)
# Accessible paths 1.298 / 0.018 0.074 0.918: (0.842, 0.998) 1.289 / 0.022 0.922 0.994: (0.894, 1.104) 1.221 / 0.016 < 0.0001 0.790: (0.705, 0.879)
# Accessible paths / # nodes in network 0.028 / 0.0004 < 0.0001 1.945: (1.792, 2.116) 0.043 / 0.0007 < 0.0001 3.307: (2.936, 3.741) 0.027 / 0.0004 < 0.0001 1.784: (1.639, 1.946)
Length of shortest accessible path 3.497 / 0.025 < 0.0001 0.879: (0.827, 0.935) 3.479 / 0.030 0.0001 0.869: (0.809, 0.933) 3.269 / 0.024 < 0.0001 0.826: (0.766, 0.891)
Ruggedness (# of peaks) 7.361 /  0.031 < 0.0001 0.650: (0.637, 0.664) 4.530 /  0.026 < 0.0001 0.490: (0.475, 0.504) 12.869 /  0.062 < 0.0001 0.725: (0.716, 0.734)
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