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Supplementary Methods

Specimen collection and EOD recordings
Electric fish were captured in the field from a variety of habitats using dipnets in combination with an electric fish finder [1] or using seine nets or trawl nets. Specimen localities and vouchers are listed in Table 1. 

DNA extraction and sequencing
DNA was extracted using a DNeasy Blood and Tissue Kit (Qiagen) according to the manufacturer’s protocols. PCR Sequencing of the C-terminal domain of the scn4aa gene (which encodes the Nav1.4a protein) was performed by the sequencing facility at the Hospital for Sick Children (TCAG). PCR conditions were as follows: (1x +(NH4) 2SO4 PCR Buffer (Fermentas), 0.8 mM dNTPs, 0.2 μM of each primer, 0.02 U/μL Taq DNA Polymerase (Fermentas), 0.5-4 mM MgCl2). Thermocycling conditions: denaturation at 95°C for 2.5 min; 32 cycles of denaturation at 95°C for 30 s, annealing at 53- 54°C 1 min, extension at 72°C for 1 min 30s; and extension at 72°C for 5 min.
Scn4aa C-terminus forward primer: TCCTCCTGACTCTCACCCTG
Scn4aa C-terminus reverse primer: CATTTTTACACTTCATCACTCTCCAC

The role of the C-terminus in sodium channel function

Voltage-gated sodium channels consist of approximately 1000 amino acids, with a molecular weight of ~ 230 kDa prior to post-translational modification [2,3]. The channels are structured into four homologous domains DI-IV, each with six transmembrane segments S1-6, and oriented with the amino-terminus (N-terminus) and carboxyl-terminus (C-terminus) on the intracellular side[2,4–6]. The extracellular loops and transmembrane segments are highly conserved among the Nav family, with > 50% amino acid sequence similarity[6]. The voltage-sensing domain (VSD) includes transmembrane segments S1-4 from each of DI-IV. The pore module (PM) includes transmembrane segments S5-6 from each of DI-IV, and forms an extracellular funnel, selectivity filter, central cavity, and activation gate[7,8]  
The C-terminus consists of ~300 amino acids[2], and includes several motifs: a flexible linker joining DIVS6; an EF-hand; an IQ; and a PY[9,10]. Fast inactivation is modulated by Ca2+ binding on the C-terminus being relayed to the activation gate by calmodulin[11–13]. Calmodulin is a highly conserved calcium sensing protein that has been found in many eukaryote cells, including electrocytes[14,15]. It has 2 lobes, each with a Ca2+ -binding EF-hand motif consisting of two pairs of α helices[16] (Chin and Means 2000). The C-terminus EF-hand motif is structurally analogous to one lobe of calmodulin, but with a lower affinity for Ca2+ [17]. The IQ motif is found in many Ca2+ - dependent calmodulin binding proteins[18]. In the absence of Ca2+, the EF-hand binds loosely to the IQ motif, which binds tightly to the C-lobe of calmodulin, leaving the N-lobe free. 
In sum, the C-terminus includes key motifs that are involved in regulation of protein internalization, fast inactivation, and possibly also resurgent current. Modulation of these Nav1.4a activities affects the amplitude and frequency of action potentials at the EO, which may in turn affect those components of the EODs. Variations in EOD amplitude may be associated with variations in multiple anatomical, cellular, and molecular characteristics[19,20]. However, variations in EOD frequency among gymnotiforms with myogenic electric organs are likely limited to those associated with variations in Nav1.4a function.

Molecular evolutionary analyses
Scn4aa C-terminal sequences were aligned using MUSCLE, and a maximum likelihood gene tree was constructed using PHYML [21]. The codeml package in PAML[22] was used to infer selection across the entire scn4aa alignment consisting of all Gymnotiformes, a “pulse” fish dataset (consisting of families Gymnotidae, Rhamphichthyidae, and Hypopomidae), and a Gymnotidae-only dataset, since Gymnotidae is the family with the majority of transitions to a monophasic EOD. To investigate whether shifts in selection in scn4aa were associated with particular ecological or EOD variables (e.g., multiphasic vs. monophasic EOD, myogenic vs neurogenic electric organ), Clade model C [23] analyses in PAML were used to infer shifts in the strength of selection in pre-selected lineages of the Gymnotiformes tree, where foreground or “test” branches were hypothesized to be undergoing a shift in selection pressure. 
The RELAX [24] program in the HYPHY [25] software package was similarly used to test for a relaxation of selection in monophasic (vs. multiphasic) Gymnotiformes. Rather than testing for positive selection, RELAX asks whether selection has been relaxed or intensified along pre-specified branches, and fits an additional k parameter that models this intensity. CMC allows for a class of codon sites that experiences a shift in selective pressure in pre-selected “foreground” or “test” lineages, while RELAX asks whether codons in “test” lineages shift away from neutrality (“intensification”) or towards neutrality (“relaxed” selection). 
To test whether changes in species tree topology may impact our findings, we repeated our analyses on the entire Gymnotiform clade on a tree where deep nodes were reflective of a recently obtained topology by Alda and colleagues[26]. These repeated analyses yielded identical or nearly identical parameter and dN/dS estimates, suggesting our results are robust to changes in tree topology (Table S2 and S4). 

Nav1.4a homology modelling
We modelled the full electric eel (Electrophorus electricus) Nav1.4a protein using the MODELLER [27] plugin in ChimeraX [28] using PDB 6NT4 [29] as a template. Because this model does not span the entire C-terminus we modelled the C-terminal region specifically from PDB ID 6MUE [30], first from a multiphasic Gymnotiform fish (Gymnotus anguillaris) and overlaid this structure with a modeled C-terminal structure from a monophasic species (Gymnotus cylindricus). The E1606D mutation is not depicted on the structure as it lies outside the boundaries of the C-terminus model.
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Figure S1. Map of Gymnotiformes sampling locations. Specific localities are listed in Table S1. 
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Figure S2. Full scn4aa gene tree used for molecular evolutionary analyses estimated using PhyML under a GTR+G model. Node support values are aLRT SH-like branch support.
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	Table S1. Specimens, EOD properties, vouchers, and Genbank IDs for specimens used in this study

	Family
	Genus
	Species
	NRL number
	Number of EOD phases (if pulse-type)
	GenBank ID
	EOD voucher
	Museum Voucher
	Latitude
	Longitude
	Locality

	Gymnotidae
	Electrophorus
	electricus
	2026
	1
	OR838976
	02.090301
	MZUSP 103218
	
	
	Lago Secretaria, Brazil

	Gymnotidae
	Gymnotus
	ucamara
	1927
	4
	OR839002
	
	UF 126184
	-5.200000
	-74.300000
	Peru, Pacaya Samiria Reserve

	Gymnotidae
	Gymnotus
	arapaima
	2002
	4
	OR838978
	1.170401
	MZUSP 75179
	-3.038333
	-64.866000
	Tefe, Mamirauá Lake System, Ressaca do Pau, Solimões-Japurá Confluence, Alvarães, Amazon

	Gymnotidae
	Gymnotus
	carapo
	2004
	4
	OR838980
	02.300699
	MZUSP 76066
	-3.112333
	-64.800333
	Tefe, Mamirauá Lake System, Ressaca do Pau, Solimões-Japurá Confluence, Alvarães, Amazon

	Gymnotidae
	Gymnotus
	curupira
	2009
	3
	OR838984
	07.130300
	MZUSP 75148
	-3.433667
	-64.729667
	Rio Tefé, margin of Igarapé Curupira, at Estrada Agrovila, Amazon

	Gymnotidae
	Gymnotus
	mamiraua
	2012
	4
	OR838990
	06.080301
	MZUP 103221
	-3.128333
	-64.800500
	Tefe, Solimões-Japurá Confluence, Alvarães, Mamirauá Lake System, Ressaca da Vila Alencar, Amazon

	Gymnotidae
	Gymnotus
	varzea
	2014
	3
	OR839003
	02.170401
	MZUSP 75163
	-3.038333
	-64.866000
	Tefe, Solimões-Japurá Confluence, Alvarães, Mamirauá Lake System, Ressaca do Pau, Amazon

	Gymnotidae
	Gymnotus
	jonasi
	2016
	4
	OR838989
	04.080301
	UF 122824
	-3.128333
	-64.800500
	Tefe, Solimões-Japurá Confluence, Alvarães, Amazon

	Gymnotidae
	Gymnotus
	obscurus
	2018
	1
	OR838994
	7.170401
	MZUSP 75157
	-3.038333
	-64.866000
	Tefe - Mamiraua Reserve, Mamirauá Lake System, Solimões-Japurá Confluence, Ressaca do Pau, Alvarães, Amazon

	Gymnotidae
	Gymnotus
	javari
	2020
	4
	OR838988
	05.270502
	ROM 89775
	-3.748056
	-73.247222
	Aquarium Trade - Iquitos

	Gymnotidae
	Gymnotus
	tigre
	2024
	3
	OR839001
	02.270502
	UF 122821
	-3.748056
	-73.247222
	Aquarium Trade - Iquitos

	Gymnotidae
	Gymnotus
	coropinae
	2035
	4
	OR838983
	2420 (initial tube label?)
	ANSP 179126
	3.114444
	-59.775556
	Sauriwau River, (Takutu-Branco Dr.), at crossing on road from Lethem to Sand Creek, 31.2km NW village of Sand Creek, Rupununi, Guyana, 

	Gymnotidae
	Gymnotus
	coatesi
	2042
	4
	OR838982
	1.250203
	MCP 34471
	-3.360333
	-64.698167
	Igarapé Xidarinini, trib. Lago Tefé, Rio Tefé, Alvarães, Amazonas

	Gymnotidae
	Gymnotus
	cataniapo
	2063
	3
	OR838981
	01-180304
	UF 174332
	5.564650
	-67.470667
	Caño Samaria, aff. Rio Cataniapo, on road from Puerto Ayacucho to Gavilan, 18.4 km from center of Puerto Ayacucho, Bolivar, Rio Orinoco-Rio Cataniapo, Venezuela

	Gymnotidae
	Gymnotus
	stenoleucus
	2064
	4
	OR838999
	24-150304
	UF 174329
	3.933067
	-67.609500
	Caño Viejita, on road from San Fernando de Atabapo to Santa Barbara, 16.5 km and 142 degrees from San Fernando de Atabapo town center, cerca Pueblito Magua, southeast of SF Atabapo, Rio Orinoco-Rio Atabapo, Amazonas, Venezuela

	Gymnotidae
	Gymnotus
	cylindricus
	2092
	1
	OR838985
	
	ROM 84772
	10.538000
	-83.502000
	unnamed creek; Small tidal creek at northern border of Tortuguero Park Station and the Tortuguero village on the barrier island, Rio Tortuguero, Costa Rica

	Gymnotidae
	Gymnotus
	nsp RS1 
	2558
	4
	OR838992
	NR01.1601204
	MUSM 33729
	-22.274117
	-47.609367
	Rio Paraná, aff. Rio Tietê, aff. Rio Piracicaba aff. Rio Corumbataí, aff. Córrego Boa Vista, São Paulo, Brazil

	Gymnotidae
	Gymnotus
	nsp ITU 
	2559
	3
	OR838991
	4.161204
	MZUSP 85943
	-22.280467
	-47.597850
	Rio Paraná, aff. Rio Tietê, aff. Rio Piracicaba aff. Rio Corumbataí, aff. Córrego Boa Vista, São Paulo, Brazil

	Gymnotidae
	Gymnotus
	pantanal
	7076
	3
	OR838997
	08-03-12-01
	UF 183777
	
	
	Argentina, Corrientes, Parana, Chaco Region

	Gymnotidae
	Gymnotus
	omarorum
	7092
	3
	OR838995
	2006-12-12-03
	AMNH 239656
	-34.838800
	-55.114483
	Laguna del Cisne, 10 km NNE of town of Solanas, Atlantic coast of Uruguay, 1 km NW Aeropuerto Capitan Curbelo

	Gymnotidae
	Gymnotus
	nsp fritzi
	7109
	4
	OR838993
	2007-06-05-02
	UNCAT. WGRC
	-24.708000
	-47.680967
	Rio Iguape de Ribeiro, Tefe, Amazonas, Brazil- Terra firme swamp near Igarape Repartimento. 

	Gymnotidae
	Gymnotus
	pantherinus
	7111
	4
	OR838998
	2005-06-01-01
	MZUSP 87564
	
	
	Rio Vermelho, Bertioga, Sao Paulo State, Brazil

	Gymnotidae
	Gymnotus
	sylvius
	7239
	3
	OR839000
	2008-07-17-10
	MZUSP 100267
	
	
	Brazil, São Paolo, Miracatú, Rio Ribeira de Iguape-Rio Juqueia-Rio São Lourenço

	Gymnotidae
	Gymnotus
	henni
	7276
	1
	OR838986
	
	IAvH-BT 11598
	
	
	Cuenca del río Dagua, Quebrada la Barbacuana, San Cipriano, Buenaventura, Valle del Cauca, Colombia

	Gymnotidae
	Gymnotus
	panamensis
	8018
	3
	OR838996
	2010-02-18-18
	STRI-7726
	8.906050
	-81.857367
	Small stream behind Bisira, village off Rio Cricamola, Panama

	Gymnotidae
	Gymnotus
	maculosus
	8126
	1
	OR838987
	2010-04-20-126
	UNCAT. WGRC
	10.348500
	-85.077317
	Rio Higueron, south of Canas, off Inter-American Highway, Costa Rica

	Gymnotidae
	Gymnotus
	ardilai
	8186
	4
	OR838979
	2010-06-17-186
	IAvHP 11510
	7.020900
	-73.161800
	Rio de Oro upstream from Giron, Colombia

	Hypopomidae
	Brachyhypopomus
	bennetti
	1914
	1
	OR838949
	NR
	UF126301
	-5.430230
	-74.505267
	Peru Riio Pacaya, Cano above Lago Yarina

	Hypopomidae
	Brachyhypopomus
	flavipomus
	1926
	3
	OR838956
	NR
	UF129798
	-5.338167
	-74.497139
	Peru Rio Pacaya, Cano cocha Zapote 

	Hypopomidae
	Brachyhypopomus
	beebei
	1943
	2
	OR838948
	1.200902
	UF126247
	-5.200000
	-74.300000
	Peru Rio Pacaya, Cano cocha Zapote 

	Hypopomidae
	Brachyhypopomus
	hamiltoni
	2130
	4
	OR838958
	5.080301
	MCP 45482
	
	
	Tefe

	Hypopomidae
	Brachyhypopomus
	brevirostris
	2140
	2
	OR838951
	1.030597
	MCP 44758
	
	
	Tefe

	Hypopomidae
	Brachyhypopomus
	hendersoni
	2240
	2
	OR838959
	8.291298
	MCP 45397
	
	
	Lago Tefe, Rio Tefe, Amazonas, Brazil

	Hypopomidae
	Brachyhypopomus
	verdii
	2248
	2
	OR838968
	19.090104
	UF 148520
	-4.883333
	-73.650000
	Peru, Loreto, Quebrada in forest ca. 2 km N. of Instituto de Investigaciones de la Amazonia Peruana (IIAP) field station (2.7 km E of Jenaro Herrera)

	Hypopomidae
	Brachyhypopomus
	bullocki
	2362
	2
	OR838952
	12-110304
	UF 177348
	3.983233
	-67.641350
	El Pozo CVG (Corporacion Venezolano de Guayana), south of SF Atabapo, on road from San Fernando de Atabapo to Santa Barbara

	Hypopomidae
	Brachyhypopomus
	provenzanoi
	2365
	4
	OR838965
	07-110304
	UF 177347
	3.983233
	-67.641350
	El Pozo CVG (Corporacion Venezolano de Guayana), south of SF Atabapo, on road from San Fernando de Atabapo to Santa Barbara

	Hypopomidae
	Brachyhypopomus
	diazi
	2409
	2
	OR838954
	
	UF 174333
	10.466267
	-68.260467
	Rio Alpargatón, at road and railway bridge on Highway 1, approx 8 km W of Morón, Venezuela, Carobobo, R. Alpargaton, R. Salado Drainage

	Hypopomidae
	Brachyhypopomus
	batesi
	2413
	4
	OR838947
	3.201203
	MCP 45312
	
	
	

	Hypopomidae
	Brachyhypopomus
	janeiroensis
	2955
	2
	OR838961
	NR
	UF 183780
	-22.483333
	-42.200000
	Mun. Casimoro de Abreu, Rio S‹o Jo‹o drainage, ca. Collector: J. Bastos. Feb. 1993

	Hypopomidae
	Brachyhypopomus
	n sp HOP
	6966
	4
	OR838960
	2007-03-09-02
	UF 177365
	5.582033
	-54.233200
	Suriname, Commewijne Riviere, Cottica Rivier, Site iii - Small unnamed stream on road from Paramaribo to French Guyana, near Maroon village

	Hypopomidae
	Brachyhypopomus
	sullivani
	7039
	3
	OR838967
	2007-07-06-55
	UF 177341
	-11.008389
	-65.663722
	Bolivia, Rio Amazonas, Rio Madeira, Rio Beni, Site-7, Riberalta-Guayaramerim Rd. nr. Km 43,117 m elev

	Hypopomidae
	Brachyhypopomus
	regani
	7042
	3
	OR838966
	2007-07-06-44
	UMSS 7035
	-11.026033
	-65.882800
	Bolivia, Rio Amazonas, Rio Madeira, Rio Beni, Site-12, Riberalta-Guayaramerim Rd., Hormiga, 141 m elev

	Hypopomidae
	Brachyhypopomus
	alberti
	7046
	4
	OR838946
	2007-06-25-03
	CBF 10278
	-10.912917
	-65.996967
	Bolivia, Rio Amazonas, Rio Madeira, Rio Beni, Site-4, Arroyo- near Lago de San Jose. 

	Hypopomidae
	Brachyhypopomus
	walteri
	7048
	2
	OR838969
	2007-06-25-07
	CBF 10257
	-10.912917
	-65.996967
	Bolivia, Rio Amazonas, Rio Madeira, Rio Beni, Site-4, Arroyo- near Lago de San Jose.

	Hypopomidae
	Brachyhypopomus
	pinnicaudatus
	7051
	2
	OR838964
	2007-06-27-26
	UMSS 7030
	-10.912917
	-65.996967
	Bolivia, Rio Amazonas, Rio Madeira, Rio Beni, Site-5, Shallow pond near Site 4

	Hypopomidae
	Brachyhypopomus
	gauderio
	7094
	2
	OR838957
	NR
	uncat. Crampton Lab
	
	
	Uruguay

	Hypopomidae
	Brachyhypopomus
	occidentalis
	7156
	2
	OR838963
	
	UF 183793
	8.938370
	-81.904300
	Rio Cricamola, Bocas del Toro, Panama

	Hypopomidae
	Brachyhypopomus
	jureiae
	7233
	2
	OR838962
	2008-07-16-01
	MZUSP 100268
	
	
	Brazil, São Paolo, Iguape, Rio Ribeira de Iguape-Rio Momuna-Rio Bateçeria

	Hypopomidae
	Brachyhypopomus
	draco
	9100
	2
	OR838955
	
	UFRGS 14562
	-30.077778
	-50.849722
	Rio Grande do Sul, Aguas Claras, Refugio da Vida Silvestre Banhado dos Pachecos, Brazil

	Hypopomidae
	Brachyhypopomus
	bombilla
	9104
	3
	OR838950
	
	UFRGS 10561
	-30.211944
	-55.055000
	Rio Grande do Sul, Rosario do Sul, Foz do Rio Maquine, Lagoa dos Quadros

	Hypopomidae
	Brachyhypopomus
	cunia
	9106
	2
	OR838953
	
	MCP 46937
	
	
	

	Hypopomidae
	Hypopomus
	artedi
	2232
	2
	OR839004
	NR
	ANSP 179505
	6.378000
	-58.673740
	Whitewater Creek, small blackwater creek tributary to Mazaruni R. (Essequibo Dr.), 6.8 km SW Bartica, Guyana, Mazaruni River, Essequibo River, Dr. Cuyuni-Mazaruni

	Hypopomidae
	Microsternarchus
	bilineatus
	2382
	2
	OR839010
	16-110304
	UF 176885
	3.983233
	-67.641350
	Pozo, "CVP" on road from San Fernando de Atabapo to Santa Barbara, 10.5 km and 140° from San Fernando de Atabapo, El Pozo CVG (Corporacion Venezolano de Guayana), south of SF Atabapo

	Hypopomidae
	Microsternarchus
	smythi
	7041
	2
	OR839011
	2007-07-06-42
	CBF 10270
	-11.047400
	-65.835233
	Bolivia, Rio Amazonas, Rio Madeira, Rio Beni, Site-11, Riberalta-Guayaramerim Rd., Boceron, 137 m elev

	Hypopomidae
	Racenisia
	fimbriipinna
	2340
	2
	OR839017
	NR-01-120304
	ANPS 182578
	3.933067
	-67.609500
	Caño Viejita, on road from San Fernando de Atabapo to Santa Barbara

	Rhamphichthydae
	Gymnorhamphichthys
	rondoni
	2153
	4
	OR838977
	NR01.200101
	MCP 46936
	
	
	Tefe

	Rhamphichthydae
	Hypopygus
	neblinae
	2319
	4
	OR839007
	45-150304
	UF 148540
	3.933067
	-67.609633
	Swamp at Caño Viejita, on road from San Fernando de Atabapo to Santa Barbara, 16.5 km from San Fernando de Atabapovia

	Rhamphichthydae
	Hypopygus
	minissimus
	2335
	4
	OR839006
	29-150304
	UF 148533
	3.933067
	-67.609633
	Swamp at Caño Viejita, on road from San Fernando de Atabapo to Santa Barbara, 16.5 km from San Fernando de Atabapovia

	Rhamphichthydae
	Hypopygus
	lepturus
	7049
	4
	OR839005
	2007-06-25-09
	CBF 10285
	-10.912917
	-65.996967
	Bolivia, Rio Amazonas, Rio Madeira, Rio Beni, Site-4, Arroyo- near Lago de San Jose.

	Rhamphichthydae
	Rhamphichthys
	lineatus
	2158
	4
	OR839020
	NR02.100201
	ZUEC17152
	
	
	Tefe

	Rhamphichthydae
	Rhamphichthys
	rostratus
	2160
	4
	OR839021
	5.280199
	INPA 18292
	
	
	Tefe

	Rhamphichthydae
	Steatogenys
	duidae
	2146
	4
	OR839022
	1.210201
	MCP 31960
	
	
	Tefe

	Rhamphichthydae
	Steatogenys
	elegans
	2151
	4
	OR839023
	NR01.100201
	MCP 31948
	
	
	Tefe

	Sternopygidae
	Archolaemus
	blax
	7307
	Wave
	OR838945
	"DNA only"
	MNRJ 33663
	
	
	Xingú, Brasil

	Sternopygidae
	Distocyclus
	conirostris
	7306
	Wave
	OR838972
	"DNA only"
	0802250900A_CAR022
	
	
	Carvoeiro, Amazonas, Rio Negro, Brasil

	Sternopygidae
	Eigenmannia
	limbata
	1938
	Wave
	OR838974
	
	UF126255
	-5.200000
	-74.300000
	Peru Rio Pacaya, Lago Tomana 

	Sternopygidae
	Eigenmannia
	humboldtii
	2811
	Wave
	OR838973
	EOD 16.20060310
	
	
	
	Honda, Magdalena, Colombia

	Sternopygidae
	Eigenmannia
	virescens
	2817
	Wave
	OR838975
	EOD 35.20060310
	
	
	
	Honda, Magdalena, Colombia

	Sternopygidae
	Rhabdolichops
	eastwardi
	2105
	Wave
	OR839019
	2001-02-10-NR05
	MCP 36007
	-3.118833
	-64.788333
	Rio Japurá-Solimões Confluence, Praia Caborini

	Sternopygidae
	Rhabdolichops
	caviceps
	2887
	Wave
	OR839018
	2001-02-12-NR02
	UF 177352
	-3.152333
	-64.784333
	Rio Japurá-Solimões Confluence, Praia Caborini

	Sternopygidae
	Rhabdolichops
	nigrimans
	9028
	Wave
	OR839016
	
	MCP 36025
	
	
	Itaya?

	Sternopygidae
	Sternopygus
	branco
	2108
	Wave
	OR839036
	2001-02-07-12
	MCP 32246
	-3.118833
	-64.788333
	Rio Japurá-Solimões Confluence, Praia Caborini

	Sternopygidae
	Sternopygus
	astrabes
	2203
	Wave
	OR839035
	01.030203
	
	
	
	Lago Tefé, Igarapé Repartimento, Brazil

	Sternopygidae
	Sternopygus
	aequilabiatus
	2820
	Wave
	OR839033
	EOD 13.20060311
	IAvHP 7825
	
	
	Honda, Magdalena, Colombia

	Sternopygidae
	Sternopygus
	dariensis
	7224
	Wave
	OR839037
	
	"DNA only"
	
	
	West of the Andes

	Sternopygidae
	Sternopygus
	arenatus
	9038
	Wave
	OR839034
	
	MNRJ734
	-1.966944
	-79.721583
	Guayas

	Sternopygidae
	Sternopygus
	macrurus
	9065
	Wave
	OR839038
	
	MNRJ 33649
	-7.857500
	-50.596667
	Xingú

	Sternopygidae
	Sternopygus
	obtusirostris
	9086
	Wave
	OR839039
	
	
	-2.446028
	-64.792417
	Japurá-Lago Amanã

	Sternopygidae
	Sternopygus
	pejeraton
	9089
	Wave
	OR839040
	
	UNELLEZ
	
	
	Maracaibo

	Apteronotidae
	Adontosternarchus
	balaenops
	2612
	Wave
	OR838936
	9.290301
	UF 116559
	-5.000000
	-78.000000
	Iquitos aquaria, Rio Amazonas

	Apteronotidae
	Apteronotus
	mariae
	2812
	Wave
	OR838943
	EOD 17.20060310
	
	
	
	Honda, Magdalena, Colombia

	Apteronotidae
	Apteronotus
	eschmeyeri
	2814
	Wave
	OR838940
	EOD 20.20060310
	
	
	
	Honda, Magdalena, Colombia

	Apteronotidae
	Apteronotus
	magdalenenensis
	2816
	Wave
	OR838942
	EOD 29.20060310
	
	
	
	Honda, Magdalena, Colombia

	Apteronotidae
	Apteronotus
	bonapartii
	2880
	Wave
	OR838939
	1999-01-19-26
	uncat. Specimen at UCF
	-3.112333
	-64.792167
	Mamirauá Lake System, Paraná Maiana station A, rio Solimoes-Japura confluence (Rio Amazonas)

	Apteronotidae
	Apteronotus
	eschmeyeri 
	4001
	Wave
	OR838937
	
	IAvHP 7806
	
	
	Colombia

	Apteronotidae
	Apteronotus
	albifrons
	7301
	Wave
	OR838938
	"DNA only"
	MNRJ 33616
	
	
	Xingú-Tapajós, Brasil

	Apteronotidae
	Apteronotus
	rostratus
	8076
	Wave
	OR838944
	2010-03-16-76
	ROM 89761
	9.040950
	-78.621533
	Piriati river, upstream from the Inter-American Highway, Panama

	Apteronotidae
	Apteronotus
	anu
	8703
	Wave
	OR838941
	
	IAvHP 9683
	
	
	Maracaibo

	Apteronotidae
	Compasaria
	compsa
	8719
	Wave
	OR838970
	
	INPA 28876
	-1.391611
	-62.004861
	Negro

	Apteronotidae
	Compsaraia
	nsp duckbill
	1990
	Wave
	OR838971
	
	
	
	
	Peru at nr. Iquitos

	Apteronotidae
	Apteronotus
	leptorhynchus
	8704
	Wave
	OR839008
	
	IAvHP 9682
	
	
	Maracaibo

	Apteronotidae
	Magosternarchus
	raptor
	2910
	Wave
	OR839009
	2001-02-10-01
	ZUEC17153
	-3.152333
	-64.784333
	Rio Japurá-Solimões Confluence, Praia Caborini

	Apteronotidae
	Parapteronotus
	hasemani
	2627
	Wave
	OR839012
	08.290301 
	UF 116563 
	
	
	Iquitos aquaria

	Apteronotidae
	Platyurosternarchus
	macrostomus
	8726
	Wave
	OR839013
	
	MNRJ 33614
	-3.884167
	-54.382778
	Xingú-Tapajós

	Apteronotidae
	Porotergus
	gimbeli
	2902
	Wave
	OR839015
	2001-02-07-NR01
	MCP 37529
	-3.152333
	-64.784333
	Rio Japurá-Solimões Confluence, Praia Caborini

	Apteronotidae
	Porotergus
	duende
	2916
	Wave
	OR839014
	2001-01-30-05
	MCP 37359
	-3.218500
	-64.718500
	Rio Solimões, North bank of Ilha Içé

	Apteronotidae
	Sternarchella
	terminalis
	2836
	Wave
	OR839025
	1999-01-25-02
	ZUEC 12340
	-3.080500
	-64.788333
	Mamirauá Lake System, Paraná Maiana station B

	Apteronotidae
	Sternarchella
	schotti
	2876
	Wave
	OR839024
	2001-02-07-15
	MCP 49429
	-3.152333
	-64.784333
	Rio Japurá-Solimões Confluence, Praia Caborini

	Apteronotidae
	Sternarchogiton
	natteneri
	2863
	Wave
	OR839026
	1999-01-19-11
	MCP 38306
	-3.126333
	-64.788333
	Rio Japurá, West bank, between Boca do Lago Mamirauá and Boca do Paraná do Jaquiri 

	Apteronotidae
	Sternarchogiton
	preto
	8732
	Wave
	OR839027
	
	INPA 28880
	-1.413861
	-61.626000
	Negro

	Apteronotidae
	Sternarchorhamphus
	mesensis
	8745
	Wave
	OR839028
	
	MNRJ 33617
	-4.108056
	-55.013611
	Xingú

	Apteronotidae
	Sternarchorhychus
	stewarti
	7352
	Wave
	OR839029
	
	MUSM 33822
	
	
	

	Apteronotidae
	Sternarchorhynchus
	mormyrus
	2871
	Wave
	OR839031
	1999-01-30-01
	MCP 41640
	-3.112333
	-64.792167
	Mamirauá Lake System, Paraná Maiana station A

	Apteronotidae
	Sternarchorhynchus
	cramptoni
	2920
	Wave
	OR839030
	2001-02-19-08
	MCP 41638
	-3.210500
	-64.789667
	Rio Solimões, Ilha do Prego, opposite town of Alvarães

	Apteronotidae
	Sternarchorhynchus
	oxyrhynchus
	8746
	Wave
	OR839032
	
	INPA 28873
	-1.413861
	-61.626000
	Negro



Table S2. PAML Random sites analysis for the datasets/partitions used in this study



	Dataset
	Model
	np
	lnL
	k
	Parameters
	Null
	LRT
	df
	p

	
	
	
	
	
	ω0/p
	ω1/q
	ω2/ωp
	
	
	
	

	All
	M0
	211
	-6727.2
	2.8
	0.3
	
	
	n/a
	
	
	

	
	M1a
	212
	-6555.8
	2.9
	0.13(72%)
	1(28%)
	
	M0
	342.8
	1.0
	0.00

	
	M2a
	214
	-6551.6
	3.1
	13(72%)
	1(23%)
	2(5%)
	M1a
	8.4
	2.0
	0.01

	
	M2a_rel
	214
	-6551.6
	3.1
	13(72%)
	1(23%)
	2(5%)
	M1a
	8.4
	2.0
	0.01

	
	M3
	215
	-6538.1
	2.9
	0.06(50%)
	0.4(36%)
	1.4(14%)
	M0
	378.2
	4.0
	0.00

	
	M7
	212
	-6552.8
	2.8
	0.4
	0.80
	
	n/a
	
	
	

	
	M8a
	213
	-6542.5
	2.8
	0.9
	4.30
	1(18%)
	n/a
	
	
	

	
	M8
	214
	-6536.9
	2.9
	0.7
	2.40
	1.5(12%)
	M7
	31.8
	2.0
	0.00

	 
	 
	 
	 
	 
	 
	 
	 
	M8a
	11.2
	1.0
	0.00

	Pulse
	M0
	125
	-4504.0
	2.7
	0.3
	
	
	n/a
	
	
	

	
	M1a
	126
	-4373.0
	2.6
	0.10(74%)
	1(26%)
	
	M0
	262.0
	1.0
	0.00

	
	M2a
	128
	-4364.4
	2.9
	0.11(73%)
	1(21%)
	2.4(6%)
	M1a
	17.1
	2.0
	0.00

	
	M2a_rel
	128
	-4364.4
	2.9
	0.11(73%)
	1(21%)
	2.4(6%)
	M1a
	17.1
	2.0
	0.00

	
	M3
	129
	-4358.9
	2.8
	0.05(53%)
	0.4(32%)
	1.7(14%)
	M0
	290.1
	4.0
	0.00

	
	M7
	126
	-4377.2
	2.5
	0.3
	0.60
	
	n/a
	
	
	

	
	M8a
	127
	-4368.1
	2.6
	0.9
	5.90
	1(21%)
	n/a
	
	
	

	
	M8
	128
	-4259.4
	2.8
	0.6
	2.22
	1.76(12.9%)
	M7
	235.6
	2.0
	0.00

	 
	 
	 
	 
	 
	 
	 
	 
	M8a
	217.4
	1.0
	0.00

	Gymnotus
	M0
	53
	-1684.1
	3.0
	0.4
	
	
	n/a
	
	
	

	
	M1a
	54
	-1655.8
	3.0
	0.04(66%)
	1(33%)
	
	M0
	56.6
	1.0
	0.00

	
	M2a
	56
	-1649.9
	3.0
	0.04(66%)
	1(32%)
	6.15(2%)
	M1a
	11.8
	2.0
	0.00

	
	M2a_rel
	56
	-1649.8
	3.0
	0.04(65%)
	1(32%)
	6.1(2%)
	M1a
	12.0
	2.0
	0.00

	
	M3
	57
	-1649.1
	3.3
	0.09(76%)
	1.6(23%)
	10.5(0.1%)
	M0
	70.0
	4.0
	0.00

	
	M7
	54
	-1656.2
	3.0
	0.0
	0.02
	
	n/a
	
	
	

	
	M8a
	55
	-1655.8
	2.6
	4.1
	99.00
	1(33%)
	n/a
	
	
	

	
	M8
	56
	-1650.1
	2.8
	0.1
	0.13
	5.8(3%)
	M7
	12.2
	2.0
	0.00

	 
	 
	 
	 
	 
	 
	 
	 
	M8a
	11.4
	1.0
	0.00




Table S3. HYPHY RELAX results

	Test (foreground) branches
	Reference (background) branches
	Model
	lnL
	Np
	AIC
	k
	LR
	p
	Relaxation or Intensification of selection

	Pulse only - Monophasic

	Pulse - multiphasic

	Null
	-4399.4
	138
	9078.1
	1
	--
	--
	Intensification

	
	
	Alternative
	-4388.8
	139
	9070
	2.51
	10.21
	0.001
	

	Gymnotus only - monophasic

	Gymnotus - multiphasic

	Null
	-1648.6
	66
	3431.1
	1
	--
	--
	Intensification

	
	
	Alternative
	-1642
	67
	3419.9
	13.67
	13.26
	0
	







	Dataset
	Model
	np
	lnL
	AIC
	ΔAIC
	k
	Parameters
	Null
	LRT
	df
	p

	
	
	
	
	
	
	
	ω0
	ω1
	ω2/ωd
	
	
	
	

	All
	M0
	211
	-6727.2
	13876.4
	369.04
	2.8
	0.3
	
	
	n/a
	
	
	

	
	M1a
	212
	-6555.8
	13535.6
	28.2
	2.9
	0.13(72%)
	1(28%)
	
	M0
	342.8
	1.0
	0.00

	
	M2a_rel
	214
	-6551.6
	13531.2
	23.8
	3.1
	13(72%)
	1(23%)
	2(5%)
	M1a
	8.4
	2.0
	0.01

	
	Foreground: Wave
	215
	-6542.1
	13514.2
	6.8
	3.1
	13.4(72%)
	1(20.5%)
	2.48(7.4%) Wave:0.62
	M2a_rel
	19.0
	1.0
	0.00

	
	Foreground: Neurogenic
	215
	-6538.7
	13507.4
	0
	3.0
	12.9(73%)
	1(11%)
	1.29(17%) Neurogenic:0
	M2a_rel
	25.8
	1.0
	0.00

	
	Foreground:Monophasic
	215
	-6550.2
	13530.4
	23
	3.0
	13.2(72%)
	1(24%)
	1.8(4.5%) Monophasic:5.35
	M2a_rel
	2.8
	1.0
	0.09

	All_alt_topology
	M2a_rel
	214
	-6551.6
	13531.2
	23.8
	3.1
	13(72%)
	1(23%)
	2(5%)
	 
	 
	 
	 

	
	Foreground: Wave
	215
	-6541.2
	13512.4
	5
	3.1
	13.4(72%)
	1(20.5%)
	2.42(7.4%) Wave:0.55

	M2a_rel
	20.8
	1.0
	0.00

	
	Foreground: Neurogenic
	215
	-6538.7
	13507.4
	0
	3.0
	12.9(73%)
	1(11%)
	1.29(17%) Neurogenic:0

	M2a_rel
	25.8
	1.0
	0.00

	 
	Foreground:Monophasic
	215
	-6549.6
	13529.2
	21.8
	3.0
	13.2(72%)
	1(24%)
	1.7(4.5%) Monophasic:6.78

	M2a_rel
	4.0
	1.0
	0.05

	Pulse only
	M0
	125
	-4504.0
	9257.94
	282.54
	2.7
	0.3
	 
	 
	n/a
	 
	 
	 

	
	M1a
	126
	-4373.0
	8997.92
	15.92
	2.8
	0.10(74%)
	1(26%)
	
	M0
	262.0
	1.0
	0.00

	
	M2a_rel
	128
	-4364.4
	8984.8
	9.4
	3.0
	0.11(74%)
	1(19%)
	2.2(6%)

	M1a
	17.1
	2.0
	0.00

	
	Foreground:4phases
	131
	-4356.7
	8975.4
	0
	2.9
	0.11(73%)
	1(23%)
	Monophasic:6.6/
Biphasic:0.4/
Triphasic:0.01/
Multiphasic:3.7 (4%)

	M2a_rel
	15.4
	3.0
	0.00

	 
	Foreground:Mono
	129
	-4362
	8982
	6.6
	3
	0.11(72%)
	1(21%)
	Multiphasic:2.2/Monophasic:5.3(6%)
Sites under selection: 1611, 1618, 1630, 1652, 1667, 1699, 1705, 1706, 1729
	M2a_rel
	4.8
	1.0
	0.03

	 Gymnotus only
	M0
	53
	-1684.1
	3474.2
	76.4
	3.0
	0.4
	
	
	n/a
	
	
	

	
	M1a
	54
	-1655.8
	3419.6
	21.8
	3.0
	0.04(66%)
	1(33%)
	
	M0
	56.6
	1.0
	0.00

	
	M2a_rel
	56
	-1649.8
	3411.6
	13.8
	3.0
	0.04(65%)
	1(32%)
	6.1(2%)
	M1a
	12.0
	2.0
	0.00

	
	Foreground:3phases
	58
	-1641.9
	3397.8
	0
	2.9
	0.11(73%)
	1(23%)
	Monophasic:5.6/
Triphasic:1.28/
Multiphasic:0.89 (4%)

	M2a_rel
	15.8
	1.0
	0.00


	 
	Foreground:Mono
	57
	-1641.9
	3397.8
	0
	4
	0.12(80%)
	1(0%)
	Multiphasic:0.95/
Monophasic:5.73(20%)
Sites under selection:
1583, 1606, 1671, 1698, 1702, 1740
	M2a_rel
	15.8
	1.0
	0.00


Table S4. Clade model C results for various partitions tested


Table S5. Amino acid alignment of the gymnotiform Nav1.4a C-terminus sequences with various structural and functional annotations (see excel file, as excel allows for better viewing/annotation
Table S6. Sites with Nav1.4 C-terminus mutations in monophasic Gymnotidae (Gymnotus + Electrophorus) not occurring elsewhere in the dataset, and evidence for impact on the channel. 

	
Gymnotiform family
	Site (human numbering)
	Site (Electric eel numbering)
	Substitutions in monophasic lineages
	Substitutions in nonmonophasic lineages?
	Polyphen score in electric eel
	Disease-associated in humans?
	Evidence for possible effects on Nav protein

	

Gymnotidae
	1606
	1574
	E to D in G. cylindricus and G. maculosus
	none
	0.987: probably damaging
	E to K in humans
	
Pedigree analysis of human patients with scn4a channelopathy[31]


	Gymnotidae
	1621
	1589
	D to H in G. maculosus
	none
	0.986: probably damaging
	unknown
	
Negatively charged amino acid (D) substituted positively charged amino acid (H)


	
Gymnotidae

	1671
	1639
	G to E in E. electricus
	none
	0.0066: benign
	unknown
	n/a

	

Gymnotidae
	1671
	1639
	G to K in G. henni
	none
	0.945 probably damaging
	unknown
	
Small amino acid (G) substituted for large, positively charged amino acid (K).


	


Gymnotidae
	1702
	1670
	E to K in G. cylindricus, G. maculosus, and G. obscurus
	No radical substitutions
	0.396: likely benign
	E to K in humans
	
Negatively charged amino acid (E) substituted for large, positively charged amino acid (K). Results in impaired fast inactivation in human scn4a [32]


	
Gymnotidae
	1702
	1670
	E to Q in E. electricus
	No radical substitutions
	

0.012: benign

	E to K in humans
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