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Table S2. Phylogenetic ANOVA results from each linear trait. Last three columns summarize pairwise
differences between habitat regimes and associated p-values. Bolded habitat comparisons are considered
statistically significant (p < 0.05).

Trait Sum sq R sq F-value Z-score P-value Habitats pairwise P-value
0.003 0.001 1.7 0.89 0.18 demersal – benthic 0.739

pelagic – benthic 0.1141
Standard length

pelagic – demersal 0.0702
0.006 0.003 4.21 1.56 0.02 demersal – benthic 0.2833

pelagic – benthic 0.2062
Max body depth

pelagic – demersal 0.0076
0.002 0.001 1.26 0.66 0.27 demersal – benthic 0.1578

pelagic – benthic 0.7152
Max fish width

pelagic – demersal 0.36
0.033 0.009 14.55 2.48 0 demersal – benthic 1e-04

pelagic – benthic 0.0297
Head depth

pelagic – demersal 0.0382
0.012 0.001 1.59 0.84 0.19 demersal – benthic 0.0779

pelagic – benthic 0.1397
Lower jaw length

pelagic – demersal 0.799
0.013 0.001 1.08 0.53 0.32 demersal – benthic 0.1534

pelagic – benthic 0.1952
Mouth width

pelagic – demersal 0.7225
0.03 0.002 3.64 1.47 0.03 demersal – benthic 0.0323

pelagic – benthic 0.6926
Min caudalpeduncle depth

pelagic – demersal 0.0824
0.022 0.001 1.23 0.63 0.28 demersal – benthic 0.4179

pelagic – benthic 0.6219
Min caudalpeduncle width

pelagic – demersal 0.1529

Table S3. Comparisons of two evolutionary model fits for each linear trait averaged over 100 replications. In
every case, the multi-rate Brownian motion model (BMS) is a better fit. delta AICc is the difference in AICc
between the model and the best-fit model.
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Trait Model AICc ∆AICc lnl σBenthic σDemersal σPelagic

BM1 -2826 22 1415 0.113 0.113 0.113Head depth BMS -2848 0 1428 0.125 0.103 0.115
BM1 1334 123 -665 0.392 0.392 0.392Lower jaw length BMS 1211 0 -601 0.260 0.494 0.364
BM1 -4339 103 2171 0.072 0.072 0.072Max body depth BMS -4442 0 2225 0.094 0.056 0.071
BM1 -4253 42 2128 0.074 0.074 0.074Max fish width BMS -4295 0 2151 0.085 0.075 0.053
BM1 1529 452 -763 0.416 0.416 0.416Min caudalpeduncle depth BMS 1077 0 -535 0.753 0.261 0.243
BM1 4032 52 -2014 0.879 0.879 0.879Min caudalpeduncle width BMS 3980 0 -1986 1.112 0.800 0.698
BM1 2656 82 -1326 0.583 0.583 0.583Mouth width BMS 2574 0 -1283 0.406 0.638 0.729
BM1 -4054 91 2029 0.078 0.078 0.078Standard length BMS -4145 0 2076 0.100 0.060 0.086

Table S4. Average independent contrast for habitat transitions and traits that significantly differed from zero
(p < 0.05) across 100 simmaps. “n” is the number of simmaps in which the trait and transition combination
were significant. Results are only reported for those relationships that are significant in over 50% of the
simmaps. Negative values of the average contrast indicate that the trait decreased at the transition, more
than it increased.

Trait HabitatF rom HabitatT o Average PIC n
Head depth demersal benthic -0.0209 87
Min caudalpeduncle depth demersal benthic -0.0338 65
Head depth benthic demersal 0.0085 96
Max body depth demersal pelagic -0.0051 88
Max fish width benthic pelagic -0.0134 67
Standard length demersal pelagic 0.0052 91
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 Chlorophthalmus corniger

 Chlorophthalmus agassizi
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 Harpadon microchir

 Saurida nebulosa
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 Eustomias furcifer
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 Aristostomias scintillans

 Aristostomias polydactylus

 Pachystomias microdon

 Malacosteus niger

 Bathophilus vaillanti

 Bathophilus pawneei

 Photonectes dinema

 Photonectes braueri

 Photonectes margarita

 Echiostoma barbatum

 Tactostoma macropus

 Idiacanthus fasciola

 Idiacanthus atlanticus

 Idiacanthus antrostomus

 Melanostomias margaritifer

 Leptostomias gladiator

 Thysanactis dentex

 Flagellostomias boureei

 Odontostomias micropogon

 Trigonolampa miriceps

 Astronesthes similus

 Borostomias panamensis

 Astronesthes gemmifer

 Neonesthes capensis

 Borostomias antarcticus

 Stomias gracilis

 Stomias boa boa

 Borostomias elucens

 Rhadinesthes decimus

 Heterophotus ophistoma

 Stomias atriventer

 Stomias affinis

 Astronesthes macropogon

 Phosichthys argenteus

 Chauliodus sloani

 Chauliodus danae

 Chauliodus macouni

 Ichthyococcus ovatus

 Argyropelecus lychnus

 Argyropelecus aculeatus

 Argyropelecus olfersii

 Argyropelecus sladeni

 Argyropelecus hemigymnus

 Argyropelecus affinis

 Argyropelecus gigas

 Maurolicus japonicus

 Maurolicus muelleri

 Maurolicus weitzmani

 Polyipnus asteroides

 Polyipnus indicus

 Polyipnus clarus

 Danaphos oculatus

 Sternoptyx diaphana

 Sternoptyx pseudobscura

 Triplophos hemingi

 Polymetme corythaeola

 Polymetme thaeocoryla

 Yarrella blackfordi

 Diplophos taenia

 Cyclothone microdon

 Cyclothone pseudopallida

 Cyclothone signata

 Cyclothone alba

 Cyclothone atraria

 Cyclothone pallida

 Cyclothone acclinidens

 Gonostoma elongatum

 Sigmops ebelingi

 Sigmops gracilis

 Sigmops bathyphilus

 Gonostoma atlanticum

 Gonostoma denudatum

 Bonapartia pedaliota

 Margrethia obtusirostra

 Spirinchus starksi

 Allosmerus elongatus

 Hypomesus pretiosus

 Argentina silus

 Argentina striata

 Rhynchohyalus natalensis

 Macropinna microstoma

 Nansenia longicauda

 Pseudobathylagus milleri

 Bathylagus antarcticus

 Bathylagus euryops

 Bathylagus tenuis

 Lipolagus ochotensis

 Dolicholagus longirostris

 Amissidens hainesi

 Hexanematichthys mastersi

 Plicofollis argyropleuron

 Plicofollis tonggol

 Plicofollis tenuispinis

 Arius arius

 Arius subrostratus

 Arius venosus

 Nemapteryx caelata

 Ariopsis felis

 Notarius grandicassis

 Cathorops spixii

 Cathorops multiradiatus

 Bagre marinus

 Bagre panamensis

 Bagre bagre

 Genidens genidens

 Galeichthys ater

 Galeichthys feliceps

 Galeichthys peruvianus

 Cnidoglanis macrocephalus

 Plotosus lineatus

 Gonorynchus greyi

 Sardinella brasiliensis

 Sardinella aurita

 Sardinella lemuru

 Sardinella longiceps

 Sardinella albella

 Sardinella gibbosa

 Sardinella jussieu

 Sardinella hualiensis

 Sardinella zunasi

 Sardinella melanura

 Sardinella fimbriata

 Sardinella maderensis

 Harengula clupeola

 Harengula jaguana

 Harengula thrissina

 Harengula humeralis

 Nematalosa japonica

 Konosirus punctatus

 Amblygaster clupeoides

 Opisthonema libertate

 Opisthonema medirastre

 Opisthonema oglinum

 Brevoortia tyrannus

 Brevoortia patronus

 Brevoortia smithi

 Brevoortia aurea

 Sardinops sagax

 Dussumieria elopsoides

 Ilisha elongata

 Opisthopterus tardoore

 Ilisha melastoma

 Ilisha striatula

 Pellona harroweri

 Chirocentrus dorab

 Etrumeus acuminatus

 Etrumeus makiawa

 Etrumeus micropus

 Etrumeus sadina

 Clupea harengus

 Sprattus sprattus

 Anchoa colonensis

 Anchoa hepsetus

 Anchovia macrolepidota

 Anchoa panamensis

 Anchoa mundeoloides

 Anchoviella balboae

 Anchoa delicatissima

 Anchoa cayorum

 Anchoa cubana

 Anchoa lamprotaenia

 Anchoa choerostoma

 Cetengraulis mysticetus

 Cetengraulis edentulus

 Anchoa lyolepis

 Anchoa nasus

 Engraulis japonicus

 Engraulis eurystole

 Engraulis encrasicolus

 Engraulis australis

 Anchoa compressa

 Engraulis mordax

 Anchoa filifera

 Lycengraulis poeyi

 Anchoviella brevirostris

 Engraulis anchoita

 Engraulis ringens

 Encrasicholina devisi

 Setipinna taty

 Thryssa mystax

 Coilia ramcarati

 Thryssa vitrirostris

 Spratelloides delicatulus

 Spratelloides robustus

 Spratelloides gracilis

 Jenkinsia lamprotaenia

 Talismania bifurcata

 Xenodermichthys copei

 Rouleina attrita

 Alepocephalus owstoni

 Alepocephalus bicolor

 Alepocephalus tenebrosus

 Alepocephalus agassizii

 Bajacalifornia burragei

 Alepocephalus bairdii

 Maulisia microlepis

 Normichthys operosus

 Searsia koefoedi

 Sagamichthys abei

 Holtbyrnia latifrons

 Myrichthys breviceps

 Myrichthys ocellatus

 Myrichthys maculosus

 Callechelys marmorata

 Callechelys catostoma

 Leiuranus semicinctus

 Ophichthus lithinus

 Xyrias revulsus

 Ophichthus puncticeps

 Ophichthus asakusae

 Brachysomophis crocodilinus

 Ophichthus gomesii

 Ophichthus zophochir

 Ophichthus triserialis

 Echiophis punctifer

 Ophichthus serpentinus

 Apterichtus klazingai

 Echelus uropterus

 Echelus myrus

 Brachysomophis cirrocheilos

 Brachysomophis henshawi

 Oxyconger leptognathus

 Myrophis microchir

 Myrophis platyrhynchus

 Ahlia egmontis

 Myrophis punctatus

 Myrophis vafer

 Scolecenchelys breviceps

 Muraenichthys gymnopterus

 Scolecenchelys gymnota

 Muraenesox bagio

 Cynoponticus ferox

 Gnathophis bathytopos

 Rhynchoconger flavus

 Hoplunnis tenuis

 Saurenchelys fierasfer

 Venefica procera

 Nettastoma melanurum

 Macrocephenchelys brachialis

 Xenomystax congroides

 Bathycongrus retrotinctus

 Bathyuroconger vicinus

 Bathycongrus wallacei

 Uroconger syringinus

 Uroconger lepturus

 Heteroconger hassi

 Paraconger notialis

 Ariosoma scheelei

 Ariosoma meeki

 Ariosoma balearicum

 Ariosoma major

 Parabathymyrus macrophthalmus

 Ariosoma anago

 Conger oceanicus

 Conger myriaster

 Conger conger

 Coloconger cadenati

 Derichthys serpentinus

 Nessorhamphus ingolfianus

 Gymnothorax prionodon

 Gymnothorax polygonius

 Gymnothorax kidako

 Gymnothorax margaritophorus

 Gymnothorax chilospilus

 Gymnothorax zonipectis

 Gymnothorax richardsonii

 Echidna polyzona

 Gymnothorax javanicus

 Gymnothorax reticularis

 Gymnothorax fimbriatus

 Gymnothorax reevesii

 Gymnothorax eurostus

 Gymnothorax punctatus

 Gymnothorax pseudothyrsoideus

 Gymnothorax undulatus

 Gymnothorax rueppelliae

 Rhinomuraena quaesita

 Gymnothorax favagineus

 Muraena augusti

 Muraena lentiginosa

 Muraena helena

 Muraena melanotis

 Enchelycore nigricans

 Echidna catenata

 Echidna nebulosa

 Gymnothorax pictus

 Gymnothorax flavimarginatus

 Gymnothorax castaneus

 Gymnothorax miliaris

 Gymnothorax buroensis

 Gymnothorax hepaticus

 Pseudechidna brummeri

 Gymnothorax vicinus

 Gymnothorax moringa

 Gymnothorax funebris

 Enchelynassa canina

 Gymnothorax maderensis

 Gymnothorax unicolor

 Gymnothorax elegans

 Gymnothorax nudivomer

 Gymnothorax melatremus

 Gymnothorax saxicola

 Gymnothorax ocellatus

 Gymnothorax fuscomaculatus

 Enchelycore bayeri

 Enchelycore carychroa

 Gymnomuraena zebra

 Scuticaria tigrina
 Uropterygius micropterus

 Uropterygius macularius

 Uropterygius xanthopterus

 Gymnothorax australicola

 Anarchias seychellensis
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Figure S1: Representative stochastic character reconstruction showing habitat transitions across the
phylogeny (benthic: orange; demersal: dark blue; pelagic: light blue). Names of families with more than 15
species present are printed at the node corresponding to the most recent common ancestor.
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Figure S2: Plot summarizing the rate estimates from the OUwie analysis for each habitat and trait under the
best fit model (BMS) across the 100 stochastic character maps.
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Figure S3: Plot summarizing the AICc estimates from the OUwie simulations under BM1 (left) and BMS
(right) across the 100 stochastic character maps.
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Figure S4: Distribution of sigma values by habitat for best-fit evolutionary models (all BMS) over 100
simulations. The horizontal black lines designate the original sigma under which datasets were simulated.
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