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Abstract 30 
Cnidarians	are	critical	members	of	aquatic	communities	and	have	been	an	experimental	31 
system	for	a	diversity	of	research	areas	ranging	from	development	to	biomechanics	to	32 
global	change	biology.	Yet	we	still	lack	a	well-resolved,	taxonomically	balanced,	33 
cnidarian	tree	of	life	to	place	this	research	in	appropriate	phylogenetic	context.	To	move	34 
towards	this	goal,	we	combined	data	from	26	new	anthozoan	transcriptomes	with	86	35 
previously	published	cnidarian	and	outgroup	datasets	to	generate	two	748-locus	36 
alignments	containing	123,051	(trimmed)	and	449,935	(untrimmed)	amino	acids.	We	37 
estimated	maximum	likelihood	phylogenies	for	both	matrices	under	partitioned	and	38 
unpartitioned	site-homogeneous	and	site-heterogenous	models	of	substitution.	We	39 
used	the	resulting	topology	to	constrain	a	phylogenetic	analysis	of	1,814	small	subunit	40 
ribosomal	(18S)	gene	sequences	from	GenBank.	Our	results	confirm	the	position	of	41 
Ceriantharia	(tube-dwelling	anemones),	a	historically	recalcitrant	group,	as	sister	to	the	42 
rest	of	Hexacorallia	across	all	phylogenies	regardless	of	data	matrix	or	model	choice.	We	43 
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also	find	unanimous	support	for	the	sister	relationship	of	Endocnidozoa	and	Medusozoa	44 
and	propose	the	name	Operculozoa	for	the	clade	uniting	these	taxa.	Our	18S	hybrid	45 
phylogeny	provides	insight	into	relationships	of	15%	of	extant	taxa.	Together	these	data	46 
are	an	invaluable	resource	for	comparative	cnidarian	research	and	provide	perspective	47 
to	guide	future	refinement	of	cnidarian	systematics.	48 
	49 
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Introduction 53 
Cnidarians	have	been	evolving	independently	from	other	animals	for	at	least	600	million	54 
years	(Erwin	2015;	Dohrmann	and	Wörheide	2017;	McFadden,	et	al.	2021)	and	have	55 
diversified	into	an	astonishingly	wide	assemblage	of	forms,	including	hard	and	soft	56 
corals,	anemones,	siphonophores,	hydroids,	jellyfish,	and	myxozoan	parasites.	Cnidaria	57 
consists	of	12,153	extant,	accepted	species	(WoRMS	Editorial	Board	2022)	and	58 
approximately	8,000	additional	predicted	species	(estimated	from	Appeltans,	et	al.	59 
2012).	These	diverse	species	form	a	well-supported	clade	and	are	united	by	their	ability	60 
to	produce	stinging	cells	called	nematocytes	(Collins,	et	al.	2020).	The	species	richness	of	61 
Cnidaria,	the	ecological	importance	of	many	of	its	species,	and	its	phylogenetic	position	62 
as	sister	to	Bilateria,	has	made	Cnidaria	the	focus	of	a	range	of	basic	biological	research	63 
questions.	As	such,	the	long-standing	goal	of	establishing	a	complete	cnidarian	tree	of	64 
life	is	becoming	more	urgent,	but	also	more	tractable,	as	maturing	sequencing	65 
technologies	allow	for	the	collection	of	more	phylogenetic	characters	from	more	66 
species. 67 
 68 
There	is	a	rich	history	of	research	involving	cnidarians,	with	centuries	of	studies	on	69 
topics	such	as	regeneration	(e.g.,	Trembley	1744;	Zoja	1895;	Zeleny	1907),	70 
embryogenesis	(e.g.,	Murbach	1896;	Hargitt	1904),	coral	reef	formation	(e.g.,	Darwin	71 
1851),	life	history	(e.g.,	Sars	1829),	physiology	(e.g.,	Romanes	1880),	systematics	(e.g.,	72 
Müller	1862),	and	morphology	(e.g.,	Hargitt	1901).	Scientific	interest	in	these	animals	73 
has	not	waned	over	time.	Research	on	broad	biological	questions	using	cnidarians	as	a	74 
focal	system	continues	in	all	fields	of	biology,	with	striking	recent	examples	including	75 
studies	of	allorecognition	(Karadge,	et	al.	2015),	biogeography	(Martínez,	et	al.	2010),	76 
biomechanics	(Hamlet	and	Miller	2014),	circadian	clock	(Peres,	et	al.	2014),	77 
development	(Helm,	et	al.	2013),	early	animal	evolution	(Martin,	et	al.	1997;	Collins	and	78 
Valentine	2001;	Gröger	and	Schmid	2001;	Bebenek,	et	al.	2004),	evolutionary	novelty	79 
(Babonis,	et	al.	2016),	genomics	(Putnam,	et	al.	2007;	Chapman,	et	al.	2010;	Leclère,	et	80 
al.	2019),	germ	cell	evolution	(Extavour,	et	al.	2005;	Chen,	et	al.	2020),	global	change	81 
(Hoegh-Guldberg	1999;	Bellwood,	et	al.	2004),	human	health	(e.g.,	Miller,	et	al.	2005;	82 
Sullivan	and	Finnerty	2007),	life	history	(Sanders	and	Cartwright	2015),	natural	products	83 
(Jouiaei,	et	al.	2015;	Mariottini	and	Grice	2016),	neurobiology	(Grimmelikhuijzen,	et	al.	84 
2004;	Marlow,	et	al.	2009),	regeneration	(Chera,	et	al.	2009;	Bradshaw,	et	al.	2015),	85 
stem	cell	biology	(Gahan,	et	al.	2016;	Siebert,	et	al.	2019),	symbiosis	(Davy,	et	al.	2012;	86 
Lehnert,	et	al.	2012;	Newkirk,	et	al.	2018;	Gault,	et	al.	2021),	venom	(Macrander,	et	al.	87 
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2015;	Macrander,	et	al.	2016;	Klompen,	et	al.	2020),	and	vision	(Picciani,	et	al.	2018).	88 
This	growing	community	of	researchers	and	an	expanding	taxonomic	breadth	applied	to	89 
a	diversity	of	questions	(e.g.,	He,	et	al.	2019),	underscores	the	importance	of	an	90 
accurate	and	comprehensive	cnidarian	tree	of	life.		91 
 92 
Early	efforts	to	reconstruct	the	phylogeny	of	Cnidaria	emphasized	broad	scale	patterns,	93 
including	work	by	Siddall	et	al.	(1995),	who	used	18S	sequence	data	to	demonstrate	that	94 
Myxozoa	belonged	to	Cnidaria	after	Smothers	et	al.	(1994)	showed	them	to	be	95 
metazoans.	Bridge	et	al.	(1995)	combined	18S	and	16S	sequence	data	with	96 
morphological	characters	to	test	class-level	relationships	within	Cnidaria.	Many	multi-97 
locus	studies	followed,	including	those	that	used	some	combination	of	nuclear	98 
ribosomal	(e.g.,	5S,	18S,	28S,	ITS)	and	mitochondrial	genes	(e.g.,	12S,	16S,	COI,	COIII)	to	99 
resolve	relationships	within	individual	cnidarian	lineages	[Actiniaria:	(Geller	and	Walton	100 
2001;	Daly,	et	al.	2008;	Gusmão	and	Daly	2010;	Rodríguez,	et	al.	2014;	Grajales	and	101 
Rodríguez	2016;	Larson	and	Daly	2016;	Daly,	et	al.	2017;	Gusmão,	et	al.	2019;	Titus,	et	102 
al.	2019;	Gusmão,	et	al.	2020;	Gusmão	and	Rodríguez	2021);	Antipatharia:	(Brugler	and	103 
France	2007;	MacIsaac,	et	al.	2013;	Bo,	et	al.	2018;	Barrett,	et	al.	2020;	Horowitz,	et	al.	104 
2020);	Anthozoa:	(Berntson,	et	al.	1999);	Ceriantharia:	(Stampar,	et	al.	2012;	Stampar,	105 
et	al.	2014);	Cubozoa:	(Won,	et	al.	2001;	Bentlage,	et	al.	2010);	Hydrozoa:	(Cartwright,	106 
et	al.	2008;	Collins,	et	al.	2008;	Nawrocki,	et	al.	2010;	Nawrocki,	et	al.	2013;	Maronna,	et	107 
al.	2016;	Cunha,	et	al.	2017;	Bentlage,	et	al.	2018;	Mendoza‐Becerril,	et	al.	2018;	108 
Bentlage	and	Collins	2021);	Myxozoa:	(Jiménez-Guri,	et	al.	2007;	Evans,	et	al.	2010;	109 
Bartošová	and	Fiala	2011;	Li,	et	al.	2020);	Octocorallia:	(McFadden	and	Van	Ofwegen	110 
2013;	McFadden,	et	al.	2017;	García-Cárdenas,	et	al.	2020;	Sánchez,	et	al.	2021;	Untiedt,	111 
et	al.	2021;	Watling,	et	al.	2022);	Scleractinia:	(Romano	and	Cairns	2000;	van	Oppen,	et	112 
al.	2001;	Fukami,	et	al.	2008;	Huang,	et	al.	2009;	Barbeitos,	et	al.	2010;	Huang,	et	al.	113 
2011;	Stolarski,	et	al.	2011;	Arrigoni,	et	al.	2012;	Prada,	et	al.	2014;	Luzon,	et	al.	2017;	114 
Cowman,	et	al.	2020);	Scyphozoa:	(Bayha,	et	al.	2010;	Bayha,	et	al.	2017);	Staurozoa:	115 
(Collins	and	Daly	2005;	Miranda,	et	al.	2010;	Miranda,	Hirano,	et	al.	2016);	Zoantharia:	116 
(Swain	2010;	Sinniger,	et	al.	2013;	Montenegro,	et	al.	2016;	Kise,	et	al.	2019;	Kise,	et	al.	117 
2022)].	118 
 119 
The	earliest	molecular	phylogenetic	studies	to	employ	complete	mitochondrial	genome	120 
sequences	focused	on	relationships	within	Scleractinia	(Medina,	et	al.	2006),	121 
Antipatharia	(Brugler	and	France	2007),	Hydrozoa	(Kayal,	et	al.	2015),	and	across	all	of	122 
Cnidaria	(Kayal	and	Lavrov	2008;	Kayal,	et	al.	2013).	More	recently,	cnidarian	123 
systematics	has	entered	the	phylogenomics	age,	with	studies	using	data	from	hundreds	124 
(and	sometimes	thousands)	of	loci	from	transcriptome	sequences	(Chang,	et	al.	2015;	125 
Zapata,	et	al.	2015;	Kayal,	et	al.	2018)	and	target-capture	sequencing	approaches	126 
(Quattrini,	et	al.	2018;	Cowman,	et	al.	2020;	Horowitz,	et	al.	2020;	Quattrini,	et	al.	2020;	127 
Bentlage	and	Collins	2021;	Glon,	et	al.	2021).	We	were	able	to	tabulated	139	published	128 
cnidarian	molecular	phylogenetic	studies	focusing	on	major	taxa	(Table	S1),	but	there	129 
are	many	more	focused	on	smaller	groups.	130 
 131 
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The	accumulating	body	of	phylogenetic	evidence	consistently	recovers	monophyletic	132 
Anthozoa,	Hexacorallia,	Octocorallia,	Antipatharia,	Ceriantharia,	Zoantharia,	133 
Medusozoa,	Staurozoa,	Scyphozoa,	Cubozoa,	Hydrozoa,	Endocnidozoa,	and	Myxozoa.	134 
However,	the	inferred	phylogenetic	relationships	among	and	within	these	lineages	differ	135 
in	various	studies.	For	example,	many	of	the	early	cladistic	and	likelihood	analyses	of	136 
sequence	data	that	included	representatives	of	Staurozoa,	Scyphozoa,	Cubozoa,	and	137 
Hydrozoa	did	not	resolve	the	position	of	Staurozoa	(Bridge,	et	al.	1995;	Kim,	et	al.	1999;	138 
Collins	2002)(Fig.	S1).	Through	analyses	of	morphology	and	18S	ribosomal	RNA	139 
sequences,	Marques	and	Collins	(2004)	found	support	for	a	clade	consisting	of	Cubozoa	140 
and	Staurozoa,	with	Scyphozoa	as	sister	to	this	clade.	Subsequent	analyses	of	28S	141 
ribosomal	genes	by	Collins	et	al.	(2006)	supported	Cubozoa	and	Scyphozoa	as	sister	142 
lineages,	with	Staurozoa	as	the	sister	group	to	this	clade	plus	Hydrozoa.	Kayal	et	al.	143 
(2013)	found	support	in	analyses	of	complete	mitochondrial	genome	sequences	for	a	144 
clade	that	consisted	of	Staurozoa	and	Cubozoa,	sister	to	a	clade	consisting	of	Hydrozoa	145 
and	Scyphozoa.	More	recently,	based	on	analyses	of	phylogenomic	datasets,	Zapata	et	146 
al.	(2015),	Kayal	et	al.	(2018),	and	Quattrini	et	al.	(2020)	all	found	support	for	Acraspeda,	147 
with	Staurozoa	as	sister	to	the	clade	Rhopaliophora	that	unites	Cubozoa	and	Scyphozoa	148 
(Fig.	S1).	No	phylogenetic	analysis	published	to	date	provides	evidence	to	support	149 
recent	taxa	erected	as	part	of	a	re-classification	of	acrasped	cnidarians	proposed	by	150 
Straehler-Pohl	and	Jarms	(2022a,	b).	Two	main	clades	of	hydrozoans,	Trachylina	and	151 
Hydroidolina,	are	consistently	recovered	as	monophyletic,	although	studies	using	152 
traditional	Sanger	sequencing	markers	have	failed	to	recover	relationships	between	the	153 
main	lineages	within	Hydroidolina	with	sufficient	support	(e.g.,	Cartwright,	et	al.	2008;	154 
Collins,	et	al.	2008;	Picciani,	et	al.	2018).	Multiple	studies	have	confirmed	that	most	of	155 
the	major	groups	of	Hydroidolina	--	Leptothecata,	Siphonophorae,	Capitata,	and	156 
Aplanulata	--	are	monophyletic.	However,	Filifera	has	been	found	to	be	polyphyletic		157 
(Cartwright,	et	al.	2008;	Collins,	et	al.	2008;	Nawrocki,	et	al.	2010;	Nawrocki,	et	al.	2013;	158 
Bentlage	and	Collins	2021).	Historically,	there	has	been	little	consistency	in	159 
inferred	relationships	between	higher-level	groups	within	Hydroidolina.	Recent	160 
phylogenetic	analyses	of	Trachylina	found	congruent	relationships	among	the	major	161 
groups	Limnomedusae,	Trachymedusae,	Narcomedusae,	and	Actinulida	(Collins,	et	al.	162 
2008;	Bentlage,	et	al.	2018).	Trachymedusae	was	found	to	be	non-monophyletic,	with	163 
one	lineage	derived	from	within	Limnomedusae,	and	the	rest	of	Trachymedusae	164 
paraphyletic	with	respect	to	Narcomedusae.	To	address	part	of	this	issue,	Bentlage	et	al.	165 
(2018)	revised	Limnomedusae	to	include	members	of	Geryonidae	that	were	previously	166 
classified	as	Trachymedusae.	As	presently	understood,	Trachymedusae	is	still	a	167 
paraphyletic	assemblage	that	gave	rise	to	a	monophyletic	Narcomedusae. 168 

	 169 
There	has	also	been	discordance	in	reconstructions	of	relationships	within	Anthozoa,	170 
perhaps	with	the	most	intriguing	phylogenetic	question	being	the	placement	of	171 
Ceriantharia.	Analyses	of	18S	and	28S	ribosomal	RNA	by	Stampar	et	al.	(2014)	recovered	172 
Ceriantharia	as	sister	to	all	other	Hexacorallia.	However,	mitochondrial	datasets	placed	173 
Ceriantharia	as	sister	to	the	rest	of	Anthozoa	(Stampar,	et	al.	2014).	Nuclear	exon	data	174 
from	Zapata	et	al.	(2015)	and	Kayal	et	al.	(2018),	ultraconserved	element	(UCE)	data	175 
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from	Quattrini,	et	al.	(2020)	and	studies	of	complete	mitochondrial	sequences	from	176 
Stampar,	et	al.	(2019)	recovered	the	same	result	found	in	the	ribosomal	rRNA	studies,	177 
with	Ceriantharia	as	sister	to	the	rest	of	Hexacorallia.	 178 
 179 
Phylogenomic	studies	(i.e.	those	with	hundreds	or	thousands	of	loci	sampled	across	the	180 
genome)	have	brought	higher	resolution	to	the	cnidarian	tree	of	life,	but	all	of	them	lack	181 
taxonomic	balance,	and	many	omit	key	lineages	(Fig.	1).	For	example,	Zapata	et	al.	182 
(2015)	included	minimal	ceriantharian	and	staurozoan	data	and	did	not	include	183 
Myxozoa.	Chang	et	al.	(2015)	added	seven	representatives	of	Myxozoa	and	a	184 
Polypodium	transcriptome	but	lacked	Staurozoa	and	Ceriantharia.	Kayal	et	al.	(2018)	185 
combined	previous	data	sets	and	added	five	deeply	sequenced	transcriptomes	from	186 
Staurozoa	but	included	very	few	cerianthiarian	and	octocoral	data	and	had	as	limited	187 
sampling	within	the	most	diverse	clade	of	Hydrozoa,	Hydroidolina.	Kayal	et	al.	(2018)	188 
and	Zapata	et	al.	(2015)	resolved	Aplanulata	as	the	sister	to	a	limited	sampling	of	other	189 
Hydroidoloina.		Bentlage	and	Collins	(2021)	tried	to	address	this	deficiency,	using	a	bait	190 
capture	approach	focusing	on	Hydroidolina,	and	also	recovered	strong	support	for	191 
Aplanulata	as	the	sister	group	to	the	remainder	of	Hydroidolina.	As	in	past	analyses,	192 
Bentlage	and	Collins	(2021)	found	Filifera	to	be	polyphyletic,	but	recovered	support	for	a	193 
topology	uniting	Filifera	I	with	Filifera	II,	as	sister	to	Capitata,	with	these	three	taxa	194 
united	in	a	clade	sister	to	Leptothecata.	This	study	also	found	support	for	Filifera	III	plus	195 
IV,	as	the	closest	relatives	of	Siphonophorae	(Bentlage	and	Collins	2021).	The	UCE	196 
studies	by	Quattrini	et	al.	(2018;	2020),	which	focused	on	Anthozoa,	greatly	increased	197 
the	representation	of	that	group,	but	by	design	included	very	few	medusozoan	taxa	and	198 
only	as	outgroups.	To	comprehensively	understand	the	evolutionary	relationships	199 
among	Cnidaria	clades,	it	is	essential	to	generate	a	phylogenetic	tree	that	includes	a	200 
comprehensive	sampling	across	all	major	lineages.	 201 
 202 
 203 
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 204 
Fig.	1.	A	graphical	survey	of	cnidarian	phylogenomic	datasets	over	time,	as	compared	to	species	richness	205 
across	its	major	lineages.	A)	The	colored	bar	represents	the	total	number	of	cnidarian	species	described	206 
for	four	major	taxonomic	groups.	The	number	of	accepted	taxa	is	based	on	the	World	Register	of	Marine	207 
Species	database	as	of	September	2022.	The	height	of	each	grey	bar	represents	the	number	of	species	208 
from	the	total	described	included	in	the	corresponding	study.	B)	The	height	of	each	colored	section	209 
represents	the	proportion	of	a	particular	taxonomic	group	included	in	the	study.	The	width	of	the	bar	210 
represents	the	number	of	nucleotide	or	amino	acid	columns	in	the	dataset.	For	panels	A	and	B,	the	211 
studies	are	abbreviated	with	the	first	letter	of	the	first	author’s	surname	and	the	publication	year	(e.g.,	212 
K2013	represents	Kayal	et	al.	2013).	D2022-18S	and	D2022-Tr	indicate	the	18S	and	transcriptomic	213 
datasets	generated	in	this	study,	respectively.	The	other	studies	included	are	Chang	et	al.	2015,	Zapata	et	214 
al.	2015,	Quattrini	et	al.	2018,	Kayal	et	al.	2018,	Stampar	et	al.	2019,	and	Quattrini	et	al.	2020. 215 
 216 
Here,	we	combine	26	de	novo	transcriptome	datasets	and	previously	published	217 
transcriptome	and	gene	model	datasets	to	increase	taxon	sampling	for	218 
underrepresented	clades	and	improve	the	balance	of	taxon	sampling	across	Cnidaria.	219 
We	use	the	topology	resulting	from	phylogenomic	analyses	of	our	transcriptome	data	to	220 
constrain	a	phylogenetic	analysis	of	more	than	1,800	small	subunit	ribosomal	DNA	(18S	221 
rDNA)	sequences.	Our	resulting	phylogenies	and	new	transcriptomic	data	provide	a	solid	222 
framework	for	present	understanding	of	the	evolutionary	history	of	Cnidaria,	and	for	223 
guiding	future	research	on	the	phylogenetics	of	Cnidaria.	 224 
	225 
Methods 226 
Reproducibility	and	transparency	statement 227 
Custom	scripts,	command	lines,	and	data	used	in	these	analyses,	including	228 
transcriptomes,	and	alignment	and	tree	files,	are	available	at	our	GitHub	repository	229 
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(https://github.com/josephryan/DeBiasse_cnidophylogenomics)	and	Dryad	230 
(https://doi.org/10.6071/M3K39S).	To	maximize	transparency	and	minimize	231 
confirmation	bias,	we	planned	analyses	a	priori	using	phylotocol	(DeBiasse	and	Ryan	232 
2019)	and	posted	this	original	document	and	any	subsequent	changes	to	our	GitHub	233 
repository.	234 
	235 
Sample	collection	and	data	generation	236 
We	generated	new	transcriptome	data	for	26	anthozoans	(Table	S2).	Following	the	237 
methods	described	in	Pelosi	et	al.	2022,	we	generated	RNA-Seq	data	for	Eunicea	238 
flexuosa,	Eunicea	tourneforti,	and	Muricea	muricata	from	individuals	collected	at	Media	239 
Luna	reef,	Puerto	Rico,	in	April	2013.	Following	the	methods	described	in	Klompen	et	al.	240 
(2020),	we	generated	RNA-Seq	data	for	Isarachnanthus	maderensis	and	Botruanthus	241 
mexicanus	from	individuals	collected	in	Sisal,	Yucatan,	Mexico	in	August	2018	and	for	242 
Arachnanthus	sp.	from	an	individual	collected	in	Barra	del	Chuy,	Rocha,	Uruguay	in	243 
March	2019.	Following	the	methods	described	in	Macrander	et	al.	(2015,	2016)	we	244 
generated	RNA-Seq	data	for	the	following	species:	Bartholomea	annulata	and	245 
Bunodeopsis	antilliensis	collected	from	Grass	Key,	Marathon,	Florida,	in	June	2013;	246 
Lebrunia	neglecta	collected	in	the	Florida	Keys	in	June	2103;	Bunodosoma	cavernatum	247 
collected	from	Galveston,	Texas,	in	October	2013;	Diadumene	leucolena,	Diadumene	248 
lineata,	and	Haloclava	producta	collected	from	Woods	Hole,	Maine	in	May	2013;	249 
Stomphia	coccinea	collected	from	Friday	Harbor,	Washington	in	September	2013;	250 
Condylactis	gigantea	and	Entacmaea	quadricolor	purchased	from	a	PetCo	retail	store	in	251 
Columbus,	Ohio	(collection	location	unknown)	in	2012;	Triactis	producta	(collected	in	252 
Indonesia),	Calliactis	polypus	(collection	location	unknown),	and	Macrodactyla	doreensis	253 
(collection	location	unknown),	purchased	from	LiveAquaria.com	in	September	2013;	254 
Actinia	equina	collected	from	Antrim,	Northern	Ireland,	UK,	in	August	2013;	Andwakia	255 
discipulorum	collected	from	Kana’ohe	Bay,	Oahu,	Hawaii	in	2012;	Epiactis		prolifera	256 
collected	from	Bodega	Bay,	California	in	2012;	Cylista	elegans	collected	from	Strangford	257 
Lough,	Northern	Ireland	in	2013;	Metridium	senile	collected	from	Darling	Marine	Lab,	258 
Damariscotta,	Maine	in	2013.	The	Leptogorgia	sp.	sample	was	collected	and	RNA	was	259 
extracted	at	the	University	of	Florida	Whitney	Lab	for	Marine	Bioscience	in	Flagler	260 
County,	FL	in	February	2017.	Adult	Ceriantheopsis	americana	individuals	were	collected	261 
from	Cedar	Key	in	Levy	County,	FL	in	March	2018.	In	April	2018,	a	larva	resulting	from	262 
the	spawning	of	the	adults	was	collected	and	RNA	was	extracted	following	the	protocol	263 
in	Babonis	et	al.	2016.	RNA-Seq	libraries	for	Leptogorgia	sp.	and	C.	americana	were	264 
prepared	and	150bp	paired	end	reads	were	sequenced	on	the	Illumina	HiSeq	3000	265 
platform	at	the	University	of	Florida	Interdisciplinary	Center	for	Biotechnology	Research.				266 
	267 
Transcriptome	assembly	and	processing	268 
We	trimmed	FASTQ	sequences	and	assembled	transcriptomes	using	the	cutadapt	option	269 
in	Trinity	v2.8.5	(Grabherr,	et	al.	2011).	We	applied	the	--include_supertranscripts	270 
parameter	to	generate	superTranscripts	as	part	of	each	Trinity	run.	SuperTranscripts	271 
provide	a	single	all-inclusive	transcript	for	genes	with	multiple	isoforms	(Davidson,	et	al.	272 
2017).	We	translated	the	superTranscripts	into	amino	acid	sequences	in	TransDecoder	273 
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v5.0.2	(github.com/TransDecoder).	We	set	the	TransDecoder	‘-m’	flag	(minimum	length	274 
of	open	reading	frame)	to	50	and	used	the	results	from	BLASTP	(McGinnis	and	Madden	275 
2004)	searches	to	inform	the	final	TransDecoder	prediction	step.	We	filtered	potential	276 
contaminants	in	these	translated	sequences	by	removing	sequences	where	the	top	277 
BLASTP	hit	to	v0.02	of	the	curated	alien_index	database	278 
(http://ryanlab.whitney.ufl.edu/downloads/alien_index/)	was	to	a	non-metazoan	279 
sequence	using	Alien	Index	v2.1	(https://github.com/josephryan/alien_index).	We	280 
assessed	the	completeness	of	each	transcriptome	by	searching	against	the	eukaryote	281 
database	in	BUSCO	v2	(Simão,	et	al.	2015)	as	implemented	in	gVolante	v1.2.0	282 
(Nishimura,	et	al.	2017).	 283 
	 284 
Phylogenomic	matrix	construction	and	phylogeny	estimation 285 
Our	original	dataset	consisted	of	26	new	anthozoan	transcriptomes,	four	cnidarian	286 
transcriptomes	that	we	assembled	from	data	publicly	available	on	the	NCBI	Short	Read	287 
Archive,	75	previously	assembled	and	published	transcriptomes,	and	seven	previously	288 
published	amino	acid	gene	model	data	sets	(112	sequences	total,	Table	S2).	The	dataset	289 
included	104	cnidarians	and	eight	outgroup	taxa	(Table	S2).	We	used	diamond	290 
v0.9.22.123	(Buchfink,	et	al.	2015)	to	perform	reciprocal	best	BLAST	searches	and	291 
generated	FASTA	files	of	orthologous	sequences	(i.e.,	orthogroups)	in	OrthoFinder	292 
v2.2.3	(Emms	and	Kelly	2019)	using	all	112	sequences	as	input.	 293 
 294 
We	filtered	the	orthogroups	inferred	by	OrthoFinder	as	follows:	using	an	automated	295 
script,	sequences	within	each	orthogroup	were	aligned	using	MAFFT	v7.309	(Katoh	and	296 
Standley	2013),	and	in	the	multicore	version	of	IQ-TREE	v1.5.5	(Nguyen	et	al.	2015),	a	297 
maximum	likelihood	(ML)	tree	for	each	alignment	that	had	no	more	than	50%	sequence	298 
gaps	was	estimated.	Only	the	orthogroup	trees	that	had	at	least	50%	of	the	total	taxa	299 
and	no	more	than	eight	paraphyletic	duplicates	per	species	were	retained	(there	were	300 
no	limits	on	the	number	of	duplicates	if	they	were	monophyletic).	In	PhyloTreePruner	301 
v1.0	(Kocot,	et	al.	2013),	all	but	one	sequence	in	taxa	with	monophyletic	duplicates	(e.g.,	302 
paralogs)	were	removed,	which	produced	a	set	of	orthologous	loci	with	one	sequence	303 
per	species	in	at	least	50%	of	our	taxa.	Because	the	initial	run	of	the	orthogroup	filtering	304 
pipeline	produced	a	small	number	of	single-copy	loci,	we	removed	five	cnidarian	species	305 
that	had	a	high	number	of	duplicates	per	core	gene	in	BUSCO	analyses	(Table	S2).	We	306 
removed	Heteractis	crispa	because	it	clustered	with	the	outgroup	taxa	in	preliminary	307 
trees	and	subsequent	BLAST	analyses	suggested	the	H.	crispa	transcriptome	was	308 
substantially	contaminated	with	vertebrate	sequences.	Muricea	muricata	was	also	309 
removed	due	to	suspected	non-target	cnidarian	contamination.	After	removing	these	310 
seven	taxa,	we	reran	OrthoFinder	and	the	filtering	pipeline	with	the	parameters	311 
described	above	for	the	105	species	remaining.	 312 
 313 
We	concatenated	alignments	of	all	of	the	single-copy	orthologs	for	the	remaining	105	314 
species	using	the	fasta2phylomatrix	utility	v0.02	(github.com/josephryan/JFR-315 
PerlModules)	and	aligned	these	sequences	with	MAFFT	v7.309.	We	used	this	matrix	for	316 
downstream	analyses.	This	dataset	did	not	involve	any	column	trimming,	as	it	has	been	317 
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shown	that	current	methods	for	filtering	multiple	sequence	alignments	lead	to	318 
suboptimal	alignments	(Tan,	et	al.	2015).	Nevertheless,	to	test	if	removing	divergent	and	319 
ambiguously	aligned	columns	affected	our	results,	we	generated	a	trimmed	version	of	320 
this	matrix	with	Gblocks	v0.91b	(Castresana	2000)	using	dynamic	parameters	generated	321 
by	Gblockswrapper	v0.03	(https://goo.gl/fDjan6). 322 
 323 
We	used	both	matrices	(trimmed	and	untrimmed)	and	multiple	models	(partitioned	and	324 
unpartitioned)	to	estimate	four	ML	phylogenies	in	IQ-TREE	v1.5.5	(Nguyen,	et	al.	2015).	325 
In	the	first	and	second	analyses,	we	used	the	IQ-TREE	parameter	‘-m	TEST’	to	determine	326 
site-homogeneous	models	of	amino	acid	substitution	for	each	gene	partition	applied	to	327 
the	(i)	untrimmed	and	(ii)	trimmed	data	matrices.	In	the	third	and	fourth	analyses,	we	328 
used	the	C60	model	in	IQ-TREE,	which	accounts	for	across-site	compositional	329 
heterogeneity	in	equilibrium	frequencies,	applied	to	the	(iii)	untrimmed,	unpartitioned	330 
data	matrix	and	the	(iv)	untrimmed,	partitioned	data	matrix.	Support	values	for	all	331 
phylogenies	were	determined	from	1000	bootstrap	replicates. 332 
 333 
Small	subunit	(18S)	ribosomal	DNA	matrix	construction 334 
We	ran	the	following	search	at	GenBank	(NT)	on	July	8,	2020:	((Cnidaria[ORGN]	AND	335 
(18S	OR	"small	subunit	ribosomal"))	BUTNOT	Nematostella[ORGN])	OR	AF254382.	We	336 
downloaded	these	results	in	GenBank	format.	To	these	13,717	sequences,	we	added	337 
accessions	AF254382	(Nematostella	vectensis)	and	AF052581	(Renilla	reniformis).	We	338 
used	a	custom	script	(get_18S_fasta_from_genbank.pl)	to	convert	GenBank	format	to	339 
FASTA	and	remove	the	following	sequences:	(1)	all	duplicates	of	a	species	except	for	the	340 
longest,	(2)	AY935208	(Aurelia	sp.),	(3)	sequences	shorter	than	1000	nucleotides,	(4)	341 
sequences	that	include	the	patterns	'environ,'	'parasite,'	or	'proliferative'	in	their	342 
definition	line,	(5)	sequences	that	did	not	include	a	class	designation,	and	(6)	sequences	343 
from	taxa	that	include	species	affinis	(abbreviated	sp.	or	cf.)	unless	those	sequences	344 
were	the	only	representative	of	a	genus. 345 
 346 
The	following	changes	were	made	based	on	prior	knowledge:	(1)	Virgularia	gustaviana	347 
was	removed	as	it	is	erroneously	annotated	(clearly	a	ceriantharian)	in	GenBank,	(2)	348 
Carybdea	marsupialis	was	renamed	Alatinidae	indet.,	(3)	Alatina	philippina	was	349 
removed	as	it	was	shown	to	be	the	same	as	Alatina	morandinii	(Straehler-Pohl	and	350 
Toshino	2015),	(4)	Darwin	sp.	was	renamed	to	Gerongia	rifkinae,	and	(5)	accession	351 
AF099104	(Craterolophus	convolvulus)	is	a	contaminant	of	Haliclystus	so	it	was	replaced	352 
with	AY845344.	After	running	an	initial	tree,	we	identified	one	long-branched	clade	of	353 
octocoral	sequences	that	contained	Junceella	aquamata	(AY962535),	Junceella	fragilis	354 
(AY962533),	and	Subergorgia	ornata	(AY962537),	which	fell	within	Hexacorallia	instead	355 
of	Octocorallia.	We	determined	that	these	three	sequences	were	likely	contaminants	356 
and	removed	them	based	on	the	following	criteria:	(1)	all	were	from	the	same	NCBI	357 
PopSet	(accession=63148780),	(2)	the	top	BLAST	hits	of	each	of	these	were	to	other	358 
sequences	from	this	PopSet	including	bivalves	and	crustaceans,	(3)	Junceella	and	359 
Subergorgia,	which	were	sister	in	our	prelim	tree,	are	distant	genera	in	Quattrini	et	al.	360 
(2020),	and	(4)	there	is	no	obvious	voucher	available	for	these	sequences.	 361 
 362 
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We	used	ssu-align	v0.1.1	(Nawrocki	and	Farm	2010)	with	default	settings	to	align	the	363 
18S	sequences.	We	used	ssu-mask	v0.01	from	the	same	package	with	default	settings	to	364 
remove	columns	that	likely	include	a	significant	number	of	misaligned	nucleotides	as	365 
recommended	in	the	ssu-align	manual.	We	used	esl-format	v0.43	from	the	Easel	366 
sequence	library	(https://github.com/EddyRivasLab/easel)	to	convert	stockholm	367 
formatted	alignments	to	FASTA	format. 368 
	 369 
Small	subunit	(18S)	ribosomal	DNA	phylogeny	estimation 370 
We	constructed	a	constraint	tree	based	on	the	transcriptome-based	phylogeny.	We	371 
pruned	Cerianthopsis	americana	from	the	constraint	tree	because	there	has	been	372 
confusion	regarding	the	distinction	between	this	taxon	and	Pachycerianthus	borealis	373 
(Klompen,	et	al.	2020)	that	complicates	downstream	interpretations.	Additional	374 
sequences	were	pruned	if	a	corresponding	sequence	did	not	exist	in	the	18S	dataset.	In	375 
total,	there	were	23	sequences	pruned	from	the	constraint	tree	(Table	S2).	We	also	376 
collapsed	the	three	cubozoan	species	into	a	polytomy	to	reflect	discrepancies	that	we	377 
encountered	among	the	phylogenomic	trees	(discussed	in	Results). 378 
 379 
We	next	generated	a	phylogeny	using	IQ-TREE	multicore	v1.6.12	(Nguyen,	et	al.	2015)	380 
applying	the	TN	model	(Tamura	and	Nei	1993)	with	a	4-class	gamma	distributed	rate	381 
heterogeneity	(G4).	The	final	dataset,	the	accessions	of	all	sequences,	the	constraint	382 
tree,	the	final	tree,	and	the	scripts	used	to	create	the	dataset	and	constraint	tree,	are	383 
posted	to	our	GitHub	repository	(URL	above)	and	the	transcriptomes	are	available	at	384 
Dryad	(https://doi.org/10.6071/M3K39S). 385 
 386 
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	387 
	388 
Fig.	2.	Maximum-likelihood	phylogeny	of	Cnidaria	estimated	from	an	untrimmed,	concatenated	matrix	of	389 
748	ortholog	alignments	analyzed	under	a	site	homogeneous	partitioned	model	(rooted	based	on	the	390 
outgroup,	which	is	not	shown).	Circles	at	the	branch	tips	are	proportional	to	the	occupancy	of	that	taxon	391 
in	the	data	matrix,	with	black	circles	indicating	previously	published	data	and	white	circles	indicating	data	392 
generated	for	this	study.	Occupancy	for	previously	published	Myxozoa,	Cyanea	capillata,	Tripedalia	393 
cystophora,	Platygyra	carnosa	sequences	was	below	15%	(Table	S2),	making	circles	for	these	taxa	very	394 
small	and	appearing	to	be	missing.	Bootstrap	values	are	indicated	at	nodes	if	support	is	less	than	100%	for	395 
any	of	the	analyses	(partition-specific	site-homogeneous	models	run	on	untrimmed	matrix	listed	first,	396 
partition-specific	site-homogeneous	models	run	on	trimmed	matrix	listed	second,	C60	analysis	listed	397 
third,	and	C60	partitioned	analysis	listed	fourth).	The	hash	indicates	a	conflicting	relationship	where	T.	398 
kitauei	is	sister	to	M.	cerebralis	in	all	other	analyses	(Fig.	S2-S4).	The	diamond	indicates	a	conflicting	399 
relationship	in	the	two	phylogenies	estimated	under	the	C60	model	where	Staurozoa	is	sister	to	Hydrozoa	400 
(Fig.	S3-S4).	The	asterisk	indicates	a	conflicting	relationship	where	A.	alata	is	sister	to	T.	cystophora	in	the	401 
three	other	phylogenies	(Fig.	S2-S4). 402 
	403 
Results 404 
Phylogenomic	analyses 405 
We	generated	new	transcriptome	data	for	26	anthozoan	species:	18	Actiniaria	406 
(Hexacorallia),	four	Ceriantharia	(Hexacorallia),	and	four	Octocorallia.	To	these	we	407 
added	86	publicly	available	transcriptome	and	gene	model	datasets.	After	performing	408 
quality	control,	we	removed	seven	transcriptomes	from	the	analyses	because	we	409 
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detected	high	gene	duplication	or	contamination,	leaving	97	cnidarian	species	and	eight	410 
non-cnidarian	outgroups	in	our	analyses	(Table	S2). 411 
 412 
We	assigned	3,670,777	of	4,892,912	sequences	(75%)	to	orthogroups.	We	retained	413 
4,117	orthology	groups	that	had	at	least	53	of	105	species	present	and	no	more	than	414 
eight	duplicates	per	species.	After	removing	within-species	duplicates	that	were	415 
determined	to	be	paralogs	or	isoforms,	we	were	left	with	748	single-copy	orthogroups.	416 
After	alignment,	the	resulting	matrix	consisted	of	449,935	amino	acid	columns.	We	also	417 
generated	a	trimmed	version	of	this	matrix	containing	the	123,051	most	unambiguously	418 
aligned	amino	acid	columns.	 419 
 420 
Phylogenies	inferred	using	the	trimmed	and	untrimmed	matrices	under	partition-421 
specific,	site-homogeneous	models	in	IQ-TREE	(i	&	ii)	were	largely	concordant	in	terms	422 
of	support	values	and	topology	with	a	few	exceptions	(Fig.	2	and	S2).	In	the	two	423 
phylogenies	estimated	under	the	C60	model	(iii	&	iv),	Staurozoa	was	sister	to	Hydrozoa	424 
with	low	support	(Fig.	S3	and	S4).	In	the	phylogeny	estimated	from	the	untrimmed	and	425 
unpartitioned	matrix	under	the	C60	model	(iii,	Fig.	S3),	the	myxozoan	taxa	Thelohanellus	426 
kitauei	and	Myxobolus	cerebralis	were	sister,	while	in	the	other	three	phylogenies	we	427 
recovered	T.	kitauei	as	sister	to	Myxobolus	pendula	(Fig.	2,	S2,	S4).	In	the	phylogeny	428 
estimated	from	the	untrimmed	matrix	under	the	partition-specific	site-homogeneous	429 
model	(ii,	Fig.	2),	the	cubozoan	taxa	Alatina	alata	and	Chironex	fleckeri	were	sister,	while	430 
in	the	other	three	phylogenies,	A.	alata	was	sister	to	Tripedalia	cystophora	(Fig.	S2-S4).	431 
All	four	phylogenies	we	estimated	placed	Ceriantharia	sister	to	other	Hexacoralia	with	432 
full	bootstrap	support	(Fig.	2,	S2-S4).	In	all	four	phylogenies,	Enthemonae	and	433 
Anenthemonae	were	monophyletic,	but	within	Enthemonae,	Haloclava	producta	was	434 
nested	within	Metridioidea,	making	Metridioidea	and	Actinioidea	nonmonophyletic	(Fig.	435 
2,	S2-4). 436 
	 437 
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438 
Fig.	3.	Maximum	likelihood	phylogeny	estimated	using	small	subunit	ribosomal	(18S)	gene	sequences	439 
from	1,1814	cnidarian	species	with	higher-level	relationships	constrained	according	to	the	relationships	in	440 
the	multi-locus,	untrimmed,	partitioned,	site	homogeneous	analysis	(Fig	2).	Bolded	branches	indicate	the	441 
constraint	tree	applied,	with	colors	representing	higher-level	taxonomic	groups	as	in	Fig.	1	and	2.     442 
 443 

Small	subunit	(18S)	ribosomal	DNA	phylogeny 444 
We	downloaded	13,717	small	subunit	ribosomal	(18S)	gene	sequences	from	GenBank.	445 
After	choosing	a	single	representative	from	sets	of	sequences	from	the	same	species	446 
name	(retaining	the	longest	sequence	of	a	set	of	duplicates),	and	removing	sequences	447 
deemed	problematic	for	various	reasons	(see	methods),	we	built	a	matrix	consisting	of	448 
1,814	sequences	(15	Ceriantharia,	442	non-ceriantharian	Hexacorallia,	117	Octocorallia,	449 
496	Hydrozoa,	22	Cubozoa,	24	Staurozoa,	73	Scyphozoa,	and	625	Endocnidozoa)	450 
representing	702	genera.	The	resulting	alignment	of	these	sequences	consisted	of	1,324	451 
columns	(959	parsimony-informative).	We	constructed	a	constraint	tree	based	on	the	452 
untrimmed,	partitioned	site	homogeneous	analysis	above	(Fig.	2).	This	tree	included	75	453 
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Lucernaria_sainthilairei_ST

Ac
rop
ora
_a
sp
era
_H
E

Halecium_b
eanii_HY

Myxobolus_diversicapsularis_MY

Allantactis_para
sitica_HE

Eirene_kambara_HY

Sp
ha
er
om

yx
a_
lo
ng
a_
M
Y

Symplectoscyp
hus_exochus_H

Y

Isactinia_olivacea_HE

C
hl
or
om

yx
um

_t
hy
m
al
li_
M
Y

D
rym

onem
a_larsoni_SC

Ou
lop
hy
llia
_c
ris
pa
_H
E

Sp
ha
er
om

yx
a_
se
va
st
op
ol
i_
M
Y

Ple
sia
str
ea
_v
ers
ipo
ra_
HE

M
yxobolus_colossom

atis_M
Y

Pr
im
no
el
la
_s
co
tia
e_
O
C

M
yxobolus_tapajosi_M

Y
Henneguya_pseudoplatystom

a_M
Y

El
lip
so
m
yx
a_
ni
gr
op
un
ct
at
is_
M
Y

Fraseroscyphus_
hozawai_HY

C
hl
or
om

yx
um

_f
lu
vi
at
ile
_M

Y

Henneguya_rotunda_M
Y

Zs
ch
ok
ke
lla
_b
al
ist
oi
di
_M

Y

Urticina_fecunda_HE

Epiactis_prolifera_HE

M
yx
id
iu
m
_l
ap
ip
isc
is_
M
Y

M
yx
id
iu
m
_i
nc
ur
va
tu
m
_M

Y

Schuchertinia_altispina_HY

C
hi
ro
ne
x_
ya
m
ag
uc
hi
i_
C
U

C
hi
ro
dr
op
id
a

C
or
on
am
ed
us
ae

Sem
aeostom

eae

Rhizostom
eae

Antipatharian_sp_HE

Bala
noph

yllia
_reg

ia_H
E

Millepora_sp_HY

Stylaster_galapagensis_HY

Laomedea_flexuosa_HY

Ostiactis_
pearseae

_HE

C
hrysaora_chinensis_SC

Myxobolus_lamellobasis_MY

Ku
do
a_
ke
nti
_M
Y

Actinia_fragacea_HE

Turritopsis_nutricula_HY

Myxobolus_longisporus_MY

Helgicirrha_malayensis_HY

Epizoanthus_scotinus_HE

Ce
rat
om
yxa
_ca
rdi
na
lis_
MY

El
lip
so
m
yx
a_
m
an
ile
ns
is_
M
Y

Solm
issus_albescens_HY

Schuchertinia_reticulata_HY

Hydra_hymanae_HY

Calyptopora_sinuosa_HY

Cribrinopsis_rubens_HE

Enal
lops

amm
ia_ro

strat
a_H

E

Lilyopsis_fluoracantha_HY

Bullagummizoanthus_emilyacadiaarum_HE

Di
gi
to
go
rg
ia
_k
ue
ke
nt
ha
li_
O
C

Pl
at
yg
yr
a_
da
ed
ale
a_
HE

Ce
rat
om
yx
a_
co
tto
idi
i_M
Y

Hydra_circumcincta_HY

Favi
a_fra

gum
_HE

Urticina_clandestina_HE

Mo
ntip

ora
_fo
veo

lata
_H
E

Thelohanellus_habibpuri_MY

Hete
rocya

thus_
sp_H

E

Er
yth
ro
po
diu
m
_c
ar
iba
eo
ru
m
_O
C

C
ya
ne
a_
tz
et
lin
ii_
SC

Hormathia_pectinata_HE

Myxobolus_impressus_MY

St
ep
ha
no
sc
yp
hu
s_
sp
_S
C

Clausophyes_moserae_HY

Hy
dn
op
ho
ra
_e
xe
sa
_H
E

Hydrozoanthus_tunicans_HE

Eup
hyll

ia_g
labr

esc
ens

_HE

Ku
do
a_
di
an
ae
_M

Y

Oswald
ella_lae

rtesi_H
Y

Silicularia_rosea_HY

Hydra_sinensis_HY

Hurlizoanthus_parrishi_HE

So
ric
im
yx
um

_m
in
ut
i_
M
Y

M
yxobolus_platessae_M

Y

Ku
do
a_
co
ok
ii_
M
Y

Paraisanthus_fabiani_H
E

Pa
ra
st
en
el
la
_s
pi
no
sa
_O

C

Henneguya_pellis_M
Y

An
th
op
tilu
m
_c
f_
OC

Mono
staech

as_qu
adride

ns_HY

Euphysa_intermedia_HY

Botrynem
a_brucei_HY

Calycella_syringa_HY

Pectis_pedunculata_HY

Mo
ntip

ora
_ae

qui
tub
erc
ula
ta_
HE

Aequorea_australis_HY

Actinoscyphia_ple
beia_HE

Ac
an
th
og
or
gia
_s
pis
sa
_O
C

Cosc
inarae

a_mo
nile_H

E

Trissopathes_pseudotristicha_HE

Macr
orhyn

chia_
phoe

nicea
_HY

Pa
ra
ca
lyp
tro
ph
or
a_
cf
_O

C

M
yxobolus_honghuensis_M

Y

Clytia_elsaeoswaldae_HY

O
lindias_sam

baquiensis_HY

Pa
rvi
ca
ps
ula
_u
nic
orn
is_
MY

Sela
gino

psis_
corn

igera
_HY

Myxobolus_pyramidis_MY
Myxobolus_tasikkenyirensis_MY

Lilyopsis_rosea_HY

Ku
do
a_
vis
eu
en
sis
_M
Y

Ac
al
yc
ig
or
gi
a_
irr
eg
ul
ar
is_
O
C

Pav
ona

_ca
ctu
s_H

E

Ce
rat
om
yx
a_
ap
pe
nd
icu
lat
a_
MY

Cer
ato
my
xa_

lun
ula
_M
Y

Parazoanthus_swiftii_HE

D
rym

onem
a_dalm

atinum
_SC

Edwardsia_sipunculoides_HE

Ce
rat
om
yx
a_
pa
nth
eri
ni_
MY

Sph
aero

spo
ra_h

ank
ai_M

Y

Le
iop
tilu
s_
fim
br
iat
us
_O
C

Lep
tops

amm
ia_p

ruvo
ti_H

E

Ku
do
a_
in
or
na
ta
_M

Y

Aulactinia_stella_HE

Psam
moco

ra_ve
rrilli_

HE

Urticina_coriacea_HE

Pseu
dodip

loria_
clivo

sa_H
E

Halecium_pu
sillum_HY

Haliclystus_stejnegeri_ST

Orthopyxis_everta_HY

Turritopsis_lata_HY

M
yx
id
iu
m
_c
un
ei
fo
rm
e_
M
Y

De
nd
ro
ne
ph
th
ya
_p
ut
te
ri_
OC

Liponema_brevicornis_HE

M
yx
id
iu
m
_g
ad
i_
M
Y

Obelia_geniculata_HY

Bouillonactinia_multigranosi_HY

Crossota_m
illsae_HY

Al
at
in
id
ae
_i
nd
et
_C

U

C
hl
or
om

yx
um

_a
ur
at
um

_M
Y

M
yx
id
iu
m
_q
ue
en
sla
nd
icu
s_
M
Y

Pennaria_disticha_HY

Aequorea_victoria_HY

Cladocoryne_floccosa_HY

Cer
ato
my
xa_

me
lan
opt
eri_

MY

Octophialucium_indicum_HY

Catostylidae_sp_SC

Myxobolus_paratoyamai_MY

Hydractinia_symbiolongicarpus_HY

Edwardsia_japonica_HE

Ce
ra
ton
ov
a_
sh
as
ta_
MYPa

rvi
ca
ps
ula
_p
se
ud
ob
ran
ch
ico
la_
MY

Ectopleura_wrighti_HY

El
lis
el
la
_e
ry
th
ra
ea
_O
C

Stichopathes_lutkeni_HE

At
ol
la
_w

yv
ille
i_
SC

Coryne_cliffordi_HY

Lepta
strea

_purp
urea_

HE

Isactinernus_quadrilobatus_HE

Myxobolus_cyprinicola_MY

Merona_sp_HY

Sertularell
a_sanmati

asensis_H
Y

Lepta
strea

_prui
nosa_

HE

M
yxobolus_m

auriensis_M
Y

Clava_multicornis_HY

Eucheilota_maculata_HY

He
lio
se
ris
_c
uc
ull
ata
_H
E

Henneguya_santarenensis_M
Y

Thui
aria_

thuja
_HY

Myxobolus_squamae_MY

Sertularella
_mediterra

nea_HY

Asyncoryne_ryniensis_HY

M
yxobolus_ovarium

_M
Y

Gymnopraia_lapislazula_HY

Plumul
aria_st

rictoca
rpa_HY

Henneguya_cutanea_MY

Stichodactyla_haddoni_HE

M
yxobolus_batalhensis_M

Y

M
yxobolus_pharynae_M

Y

Epizoanthus_couchii_HE

Thelohanellus_wuhanensis_MY

Tubularia_indivisa_HY

Henneguya_gilbert_M
Y

Ce
rat
om
yxa
_b
urg
era
e_
MY

Iri
do
go
rg
ia
_s
pl
en
de
ns
_O

C

Myxobolus_ticto_MY

Sp
ha
er
om

yx
a_
lim

oc
ap
iti
s_
M
Y

Hybocodon_chilensis_HY

Cryptodendrum_adhaesivum_HE

Henneguya_ogawai_M
Y

Symplectoscyp
hus_curvatus_

HY

Ce
rat
om
yxa
_b
oh
ari
_M
Y

Urticina_crassicornis_HE

Pantachogon_haeckeli_HY

Tr
ac
hy
ph
yll
ia_
ge
off
ro
yi_
HE

C
ar
yb
de
a_
ra
st
on
ii_
C
U

Favite
s_abd

ita_HE

Ku
do
a_
ko
nis
hia
e_
M
Y

Myxobolus_caudatus_MY

M
aeotias_m

arginata_HY

M
or
ba
kk
a_
vir
ul
en
ta
_C

U

Sigiweddellia_sp_HY

Thelohanellus_seni_MY

M
yxobolus_inornatus_M

Y

Myxobolus_enoblei_MY

Fa
ne
llia
_k
or
em

a_
O
C

Ku
do
a_
m
eg
ac
ap
su
la_
M
Y

Cardim
yxobolus_japonensis_M

Y

Hydrozoa_sp_HY

Resomia_ornicephala_HY

Stylaster_roseus_HY

C
hrysaora_quinquecirrha_SC

Dendrobathypathes_boutillieri_HE

Ra
di
cip
es
_g
ra
cil
is_
O
C

Edwardsiella_loveni_HE

Cordagalma_cordiforme_HY

Ac
an
tha
str
ea
_r
otu
nd
afl
or
a_
HE

Aurelia_labiata_SC

Epizoanthus_australis_HE

Gonothyraea_loveni_HY

C
hrysaora_helvola_SC

Isophy
llia_rig

ida_HE

Henneguya_m
ystusia_M

Y

Rhizophysa_filiformis_HY

Paraiptasia_sp_HE

Ce
rato

my
xa_

ost
orh
inc
hi_
MY

Ec
hin
op
hy
llia
_p
atu
la_
HE

Pegantha_rubiginosa_HY

Is
id
oi
de
s_
ar
m
at
a_
O
C

M
yxobolus_spinacurvatura_M

Y

Kephyes_ovata_HY

Metridium
_senile_H

E

Ku
do
a_
isl
an
di
ca
_M

Y

Ac
rop
ora
_do

wn
ing
i_H
E

Me
an
dri
na
_m
ea
nd
rite
s_
HE

Turritopsis_dohrnii_HY

Ku
do
a_
pe
rm
ult
ica
ps
ula
_M
Y

M
yx
id
iu
m
_h
ar
de
lla
_M

Y

Aequorea_forskalea_HY

Ku
do
a_
th
ala
ss
om
i_M

Y

Koellikerina_fasciculata_HY

De
nd
ro
ne
ph
th
ya
_s
ina
ien
sis
_O
C

C
op
ul
a_
si
vi
ck
is
i_
C
U

Ku
do
a_
az
ev
ed
oi_
M
Y

Solm
issus_incisa_HY

Benthocodon_pedunculata_HY

Cribrinopsis_similis_HE

C
ya
ne
a_
an
na
sk
al
a_
SC

Kauluzoanthus_kerbyi_HE

M
yxobolus_hilarii_M

Y

Triangula_percae_M
Y

Catala
phyllia

_jardin
ei_HE

Isarachnanthus_maderensis_CE

M
yxobolus_kingchowensis_M

Y

Lep
tos
eris

_ha
wa
iien

sis_
HE

Halop
teris_

liecht
enste

rnii_H
Y

Sala
cia_d

esmo
ides_

HY

Oculin
a_diffu

sa_HE

Cassiopea_ornata_SC

Myxobolus_dispar_MY

Aeginura_grim
aldii_HY

Ca
ru
kia

_b
ar
ne
si_

C
U

Myxobolus_branchilateralis_MY

Myxobilatus_gasterostei_MY

Myxobolus_bibullatus_MY

At
ol
la
_t
en
el
la
_S
C

Zs
ch
ok
ke
lla
_c
an
di
a_
M
Y

Un
ica
ps
ula
_g
ale
ata
_M
Y

C
hrysaora_fuscescens_SC

Delto
cyat

hus_
sp_H

E

C
hrysaora_pacifica_SC

M
yxobolus_axelrodi_M

Y

Obelia_bidentata_HY

Epiactis_ritteri_HE

Bargmannia_elongata_HY

Calliactis_japonic
a_HE

M
yxobolus_pangasii_M

Y

Phanopathes_expansa_HE

Cordylophora_caspia_HY

Thelohanellus_jiroveci_MY

Corymorpha_pendula_HY

M
yxobolus_sheyangensis_M

Y

Ac
an
tha
str
ea
_e
ch
ina
ta_
HE

Anom
astra

ea_ir
regu

laris_
HE

Kirchen
paueria

_pinnata
_HY

Stichodactyla_mertensii_HE

Hydrode
ndron_m

irabile_H
Y

Mo
ntip

ora
_ve

nos
a_H

E

Myxobolus_susanlimae_MY

Savalia_savaglia_HE

Staurostoma_mertensii_H
Y

M
yxobolus_ichkeulensis_M

Y

Ce
rato

my
xa_

bar
tho
lom

ew
ae_

MY

Hydra_robusta_HY

Henneguya_m
ultiplasm

odialis_M
Y

Agalma_clausi_HY

Clytia_hummelincki_HY

Ce
rato

my
xa_

hal
lett
ae_

MY

Ectopleura_marina_HY

Favite
s_halic

ora_H
E

Ku
do
a_
nil
uf
er
i_M

Y

Henneguya_m
auritaniensis_M

Y

Mo
nta
str
ae
a_
ca
ve
rn
os
a_
HE

Anthopleura_kurogane_HE

My
cet
oph

yllia
_da

nia
na_

HE

Antarctoscyph
us_spiralis_HY

Hydranthea_margarica_HY

Myxobolus_wootteni_MY

Halecium_len
ticulare_HY

Ca
lyp
tro
ph
or
a_
pe
rs
ep
ho
ne
_O

C

M
yxobolus_bilobus_M

Y

Ca
lci
go
rg
ia_
jap
on
ica
_O
C

Bergia_puertoricense_HE

Staurotheca_ant
arctica_HY

Anemonia_sulcata_HE

Sphaerocorynidae_sp_HY

Flab
ellum

_ch
unii_

HE

Ps
eu
da
lat
as
po
ra_
ko
va
lev
ae
_M
Y

Zs
ch
ok
ke
lla
_n
eo
po
m
ac
en
tri
_M

Y

Myxobolus_marumotoi_MY

Henneguya_laseeae_M
Y

Po
urt
alo
sm
ilia
_a
nth
op
hy
llite
s_
HE

Epizoanthus_xenomorphoideus_HE

M
yx
id
iu
m
_p
er
uv
ie
ns
is_
M
Y

Triactis_prod
ucta_HE

Au
er
ba
ch
ia
_s
co
m
be
ro
id
i_
M
Y

Stegopoma_plicatile_HY

Myx
oda

visi
a_b

ulan
i_M

Y

Halistemma_rubrum_HY

Aiptasiogeton_hyalinus_HE

C
hl
or
om

yx
um

_k
ur
is
i_
M
Y

El
lip
so
m
yx
a_
m
ug
ilis
_M

Y

Halistemma_amphytridis_HY

Poralia_rufescens_SC

Sc
hu
lm
an
ia_
ae
nig
ma
tos
a_
MY

Nectadamas_diomedeae_HY

Henneguya_chydadea_M
Y

Sph
aero

spo
ra_r

enic
ola_

MY

Ku
do
a_
ne
ot
hu
nn
i_M

Y

Henneguya_adiposa_M
Y

Unicauda_pelteobagrus_M
Y

M
yxobolus_xiantaoensis_M

Y

Ac
an
el
la
_a
rb
us
cu
la
_O
C

Forskalia_edwardsii_HY

Ortholinea_argusi_MY

C
otylorhiza_tuberculata_SC

Orbicel
la_annu

laris_H
E

Cladoca
rpus_int

eger_HY

Uni
cap

sulo
cau

dum
_m
ugil

um
_M
Y

Ac
rop
ora
_lis
ter
i_H
E

Stephalia_dilata_HY

Distichopora_anceps_HY

Orthopyxis_mianzani_HY

Craseoa_lathetica_HY

Pa
ram

on
tas
tra
ea
_p
ere
si_
HE

Craterolophus_convolvulus_ST

D
eepstaria_enigm

atica_SC

Alicia_sansibarensis_HE

Distichopora_violacea_HY

Ku
do
a_
no
va
_M
Y

Coryne_fucicola_HY

Rhopalonem
a_velatum

_HY

Lobonem
atidae_sp_SC

Myxobolus_rutili_MY

Ku
do
a_
gr
am
m
at
or
cy
ni_
M
Y

Myxobolus_orissae_MY

Bip
teria

_ve
tust

a_M
Y

Sph
aero

spo
ra_m

otem
arin

i_M
Y

Henneguya_bulbosus_M
Y

Ac
rop
ora
_ab

rot
ano

ide
s_H

E

Sphaeronectes_koellikeri_HY

Cer
ato
my
xa_

info
rmi
s_M

Y

C
hrysaora_africana_SC

C
hl
or
om

yx
um

_c
ris
ta
tu
m
_M

Y

Chuniphyes_multidentata_HY

Charisea_saxicola_HE

Helioactinom
yxon_sp_M

Y

Plumul
aria_ob

liqua_H
Y

Diadumene_cincta_
HE

Den
drop

hylli
a_ra

mea
_HE

Clathrozoon_wilsoni_H
Y

Cyclohelia_lamellata_HY

Mo
ntip

ora
_pa

tula
_H
E

Corydendrium_sp_HY

Ce
rato

my
xa_

tha
las
som

ae_
MY

Ac
rop
ora
_ce
rea
lis_
HE

Anthopleura_rosea_HE

Pa
rvi
ca
ps
ula
_c
urv
atu
ra_
MY

Epiactis_lisbethae_HE

Myxobolus_catlae_MY

Scrippsia_pacifica_HY

Actinernus_robustus_HE

Ca
lyp
tro
ph
or
a_
m
icr
od
en
ta
ta
_O

C

Le
pto
ria
_p
hr
yg
ia_
HE

Ortholinea_amazonica_MY

Ce
rat
om
yxa
_m
ose
ri_
MY

Pav
ona

_ex
pla
nul
ata
_HE

Ce
rat
om
yxa
_ca
pric
orn
ens
is_
MY

C
hl
or
om

yx
um

_c
ar
en
i_
M
Y

Tetraplatia_chuni_HY

Ce
rato

my
xa_

ham
our
_M
Y

Abylopsis_eschscholtzii_HY

Lo
bo
ph
yll
ia_
dim

inu
ta_
HE

Gymn
angiu

m_gr
acilic

aule_
HY

Stylaster_cancellatus_HY

Sarsia_lovenii_HY

Acrasped
anthus_f

erax_HE

Solm
undella_bitentaculata_HY

Ku
do
a_
thu
nn
i_M

Y

Schuchertinia_uchidai_HY

Ac
rop
ora
_h
um
ilis
_H
E

Lepidotheca_chauliostylus_HY

Stylaster_campylecus_HY

Bathykorus_bouilloni_HY

M
yxobolus_stanlii_M

Y

Oswald
ella_ste

panjant
sae_HY

Ac
rop
ora
_va
lida
_H
E

Ac
rop
ora
_g
ran
ulo
sa_
HE

Podocoryna_americana_HY

M
yx
id
iu
m
_l
at
icu
rv
um

_M
Y

Bimeria_vestita_HY

Dip
loa
str
ea
_h
eli
op
ora
_H
E

Calvadosia_vanhoeffeni_ST

Branchiocerianthus_imperator_HY

Myxobolus_sommervillae_MY

Pa
ra
m
yx
id
iu
m
_b
ul
an
i_
M
Y

Hippopodius_hippopus_HY

Dicoryne_conybearei_HY

Epizoanthus_arenaceus_HE

Polycya
thus_m

uellerae
_HE

Dendrogramma_enigmatica_HY

Odessia_maeotica_HY

G
as
tro
m
yx
um

_r
af
ii_
M
Y

Go
nia
str
ea
_re
tifo
rm
is_
HE

Sagartia_eleg
ans_HE

Aglauropsis_aeora_HY

Hoferellus_carassii_MY

Un
ica
ps
ula
_p
yra
mi
da
ta_
MY

Phyllactis_sp_HE

Thelohanellus_wangi_MY

Cer
ato
myx

a_b
ras
ilien

sis_
MY

Hormathia_lacunifera_HE

Epia
ctis_

japo
nica

_HE

Lo
bo
ph
yll
ia_
he
mp
ric
hii
_H
E

Elatopathes_abietina_HE

G
onionem

us_vertens_HY

Tetrorchis_erythrogaster_HY

Sertularell
a_ellisii_H

Y

Myxobolus_csabai_MY

Mon
tipo

ra_
digi

tata
_HE

C
hrysaora_lactea_SC

Pe
rip
hy
lla
_p
er
ip
hy
lla
_S
C

Stylo
coen

iella
_arm

ata_
HE

Ku
do
a_
th
yr
sit
es
_M
Y

Erenna_laciniata_HY

Ac
rop
ora
_se
cal
e_H

E

Henneguya_visibilis_M
Y

Ku
do
a_
lat
eo
lab
ra
cis
_M
Y

Sph
aero

spo
ra_o

hlm
ach

eri_
MY

Eleutheria_claparedei_HY

Phacellophora_cam
tschatica_SC

Myxobolus_anatolicus_MY

Bougainvillia_triestina_HY

Epizoanthus_gorgonus_HE

Lepidopora_polystichopora_HY

Hydr
allm

ania
_falc

ata_
HY

Ce
rat
om
yxa
_c
olla
rae
_M
Y

Ce
rat
om
yxa
_ta
lbo
ti_M

Y

Scolanthus_celticus_HE

Pa
rvi
ca
ps
ula
_s
pin
ac
hia
e_
MY

Clytia_folleata_HY

Ac
rop
ora
_a
bro
lho
se
ns
is_
HE

M
yx
id
iu
m
_c
ec
ca
re
llii
_M

Y

Ch
lo
ro
m
yx
um

_m
yli
ob
at
i_
M
Y

Ralpharia_sp_HY

Jasonactis_erythraios_HE

C
hrysaora_m

elanaster_SC

M
yxobolus_prochilodus_M

Y

M
yx
id
iu
m
_a
na
tid
um

_M
Y

Ce
rat
om
yxa
_a
rch
am
iae
_M
Y

M
yxobolus_squam

alis_M
Y

Ce
rat
om
yx
a_
de
ho
op
i_M
Y

Cr
ate
ra
str
ea
_le
vis
_H
E

Abie
tinar

ia_a
bieti

na_H
Y

Ox
yp
ora
_g
lab
ra_
HE

Plumul
aria_m

argaret
ta_HY

Crossota_alba_HY

Zanclea_prolifera_HY

Lytocarp
ia_cane

pa_HY

Cunina_octonaria_HY

Adelopora_crassilabrum_HY

Ce
rat
om
yxa
_m
ille
ri_
MY

Podocoryna_bella_HY

Amplex
idiscus_

fenestra
fer_HE

Metedwardsia_akkeshi_HE

Conopora_anthohelia_HY

M
yxobolus_lentisuturalis_M

Y

Pandea_sp_HY

Den
drop

hyll
ia_c

orni
gera

_HE

Euphysa_japonica_HY

O
lindias_phosphorica_HY

Ce
rat
om
yx
a_
dip
lod
ae
_M
Y

Bla
sto
mu
ss
a_
om
an
en
sis
_H
E

M
yxobolus_pseudodispar_M

Y

Ce
rato

my
xa_

falc
atu
s_M

Y

Dyna
men

a_pu
mila_

HY

Hormathiidae_sp_HE

Zanclea_divergens_HY

Lo
bo
ph
ylli
a_
ery
thr
ae
a_
HE

C
hl
or
om

yx
um

_t
ril
in
ea
tu
m
_M

Y

Ku
do
a_
gu
an
gd
on
ge
ns
is_
M
Y

Henneguya_pellucida_M
Y

M
yxobolus_stellatus_M

Y

Nemalec
ium_ligh

ti_HY

Staurocladia_wellingtoni_HY

Aegina_citrea_HY

Ku
do
a_
lut
jan
us
_M
Y

Ce
rat
om
yxa
_ch

eili
nae

_M
Y

Pseu
dodip

loria_
strigo

sa_H
E

Bla
sto
mu
ss
a_
viv
ida
_H
E

Halecium_m
uricatum_HY

Henneguya_voronini_M
Y

Catostylus_townsendi_SC

Ce
rato

my
xa_

aze
ved

oi_
MY

Myxobolus_tambroides_MY

Henneguya_eirasi_M
Y

Pl
eu
ro
co
ra
lliu
m
_p
or
ce
lla
nu
m
_O
C

Ortholinea_concentrica_MY

Ku
do
a_
sc
om
be
ri_
MY

C
yanea_nozakii_SC

Palythoa_variabilis_HE

Bargmannia_amoena_HY

G
er
on
gi
a_
rif
kin

ae
_C

U

M
arivagia_stellata_SC

Ac
an
tha
str
ea
_s
ub
ec
hin
ata
_H
E

Myxobolus_gayerae_MY

Dipurena_halterata_HY

Ce
rat
om
yx
a_
an
ko
_M
Y

Aurantiactinom
yxon_m

ississippiensis_M
Y

Craspedacusta_sinensis_HY

Antholoba_achates_H
E

Eudendrium_glomeratum_HY

M
yxobolus_m

usculi_M
Y

Ku
do
a_
iid
ae
_M

Y

Ricorde
a_florid

a_HE

M
yxobolus_im

parfinis_M
Y

Pav
ona

_va
rian

s_H
E

Pav
ona

_du
erd
eni
_H
E

Di
ps
as
tra
ea
_p
all
ida
_H
E

Herpo
litha_

limax_
HE

Hydrichthys_boycei_HY

Pse
udo

side
ras
trea

_ta
yam

i_H
E

Mo
ntip

ora
_m
ean

drin
a_H

E

Eleutheria_dichotoma_HY

Hydra_utahensis_HY

Poly
pod

ium
_hyd

rifor
me_

PO

Distichopora_borealis_HY

Bougainvillia_muscus_HY

Na
re
lla
_b
ow
er
si_
O
C

C
hl
or
om

yx
um

_p
el
ec
i_
M
Y

Fabienna_sphaerica_HY

Th
ou
ar
el
la
_c
hi
le
ns
is_
O
C

Myxobolus_catli_MY

Ga
lax
ea
_fa
sc
icu
lar
is_
HE

Ch
lo
ro
m
yx
um

_s
qu
al
i_
M
Y

Pliobothrus_echinatus_HY

Edwardsianthus_gilbertensis_HE

Pa
rvi
ca
ps
ula
_li
ma
nd
ae
_M
Y

M
yxobolus_albi_M

Y

Agalma_okenii_HY

Cirrhipathes_anguina_HE

Savalia_lucifica_HE

Un
ica
ps
ula
_fa
tim
ae
_M
Y

Lep
tos
eris

_fra
gilis

_HE

En
ter
om
yx
um
_s
co
ph
tha
lm
i_M

Y

Ortholinea_labracis_MY

Eu
ni
ce
a_
la
ci
ni
at
a_
OC

Stylobates_loisetteae_HE

Podocoryna_borealis_HY

Halop
teris_

catha
rina_H

Y

Henneguya_tunisiensis_M
Y

Ce
rat
om
yxa
_a
rab
ica
_M
Y

Plumu
laria_h

yalina_
HY

Anthosactis_janmayeni_HE

Lucernaria_janetae_ST

Laomedea_inornata_HY

Myxobolus_algonquinensis_MY

Craspedacusta_sow
erbii_HY

Janaria_mirabilis_HY

Euphysa_aurata_HY
Ce
rat
om
yxa
_v
eru
de
ns
is_
MY

Sp
ha
er
os
po
ra
_d
ice
nt
ra
rc
hi_
M
Y

M
yxobolus_artus_M

Y

Zs
ch
ok
ke
lla
_j
ai
m
ea
e_
M
Y

Li
nu
ch
e_
un
gu
ic
ul
at
a_
SC

Myxobolus_carnaticus_MY

Haliclystus_inabai_ST

Lobonem
a_sm

ithii_SC

Henneguya_piaractus_M
Y

Ac
rop
ora
_lu
tke
ni_
HE

M
yxobolus_foshanensis_M

Y

Sp
ha
er
om

yx
a_
ar
te
di
el
li_
M
Y

Th
ou
ar
el
la
_a
nt
ar
ct
ica
_O

C

Velella_velella_HY

Eirene_ceylonensis_HY

Scolionem
a_suvaense_HY

Pseudorhiza_haeckeli_SC

Cl
av
ula
ria
_r
ud
is_
OC

Diadume
ne_linea

ta_HE

Andvakia_discipulorum_HE

Campanularia_hincksii_HY

Pa
rac
ya
thu
s_
rot
un
da
tus
_H
E

Myxobolus_lieni_MY

Antipathes_griggi_HE

Stauridiosarsia_gemmifera_HY

M
yxobolus_cylindricus_M

Y

Lensia_conoidea_HY

Step
hano

coen
ia_in

terse
pta_

HE

Nanomia_bijuga_HY

Bud
den

broc
kia_

allm
ani_

MY

Ku
do
a_
pe
ta
la_
M
Y

Isoparactis_fionae_HE

Eu
ple
xa
ur
a_
cr
as
sa
_O
C

Ec
hin
op
ora
_h
orr
ida
_H
E

Co
cc
om

yx
a_
jir
ilo
m
i_
M
Y

Parac
yathu

s_sto
kesii_

HE

Lepta
strea

_tran
svers

a_HE

Tima_bairdii_HY

Schuchertinia_milleri_HY

Aulactinia_verrucosa_HE

Pa
ra
m
yx
id
iu
m
_g
ia
rd
i_
M
Y

M
yx
id
iu
m
_f
in
nm

ar
ch
icu
m
_M

Y

Corymorpha_nutans_HY

Sertu
laria

_tum
ida_

HY

C
hi
ro
dr
op
id
ae
_s
p_
C
U

Pac
hys

eris
_sp

ecio
sa_

HE

Telopathes_magnus_HE

M
yxobolus_neurotropus_M

Y

M
yxobolus_um

idus_M
Y

Henneguya_chaudhuryi_M
Y

Myxobolus_catmrigalae_MY

Gilia_reticulata_HY

Sph
aer
osp

ora
_de

ntat
a_M

Y

Halam
m
ohydra_sp_HY

Mo
no
my
xu
m_
inc
om
pta
ve
rm
i_M

Y

Kadosactis_antarctica_HE

Tiaropsidium_kelseyi_HY

Su
be
rg
or
gi
a_
ko
llik
er
i_
O
C

Rhizostom
a_pulm

o_SC

Java
nia_

insig
nis_

HE

Ec
hin
op
ora
_g
em
ma
ce
a_
HE

Vogtia_glabra_HY

Ke
ra
to
isi
di
na
e_
sp
_O
C

Discoso
ma_neg

lecta_H
E

Astr
oide

s_c
alyc

ular
is_H

E

Sertu
laria

_ma
rgina

ta_H
Y

Hydrichthella_epigorgia_HY

Dyna
men

a_m
oluc

cana
_HY

Sp
ha
ero
sp
ora
_te
sti
cu
lar
is_
MY

Acauda_hoffmani_MY

Myxobolus_cuttacki_MY

M
yxobolus_pirapitingae_M

Y

Plumu
laria_s

etaceo
ides_H

Y

Myriopathes_lata_HE

Cladocoryne_haddoni_HY

Euphysa_tentaculata_HY

Ac
rop
ora
_te
nu
is_
HE

Mo
ntip

ora
_st
ella
ta_
HE

Phyllodiscus_
semoni_HE

R
hizostom

e_sp_SC

M
yxobolus_acanthogobii_M

Y

Henneguya_doneci_MY

Zs
ch
ok
ke
lla
_s
ieg
frie
di_
MY

M
yxobolus_m

uelleri_M
Y

Cubaia_aphrodite_HY

Br
iar
eu
m
_a
sb
es
tin
um
_O
C

Stylaster_papuensis_HY

Eirene_menoni_HY

Lipkea_ruspoliana_ST

M
yxobolus_arcticus_M

Y

Pr
im
no
el
la
_a
nt
ar
ct
ica
_O

C

Ab
ys
so
pr
im
no
a_
ge
m
in
a_
O
C

Myxobolus_tauricus_MY

Coryne_muscoides_HY

Thysanostom
a_thysanura_SC

Laodicea_undulata_
HY

Ar
nt
zia
_g
ra
cil
is_
O
C

M
yxobolus_kisutchi_M

Y

Ku
do
a_
iga
m
i_M

Y

Palauas
trea_ra

mosa_H
E

Henneguya_guanduensis_M
Y

Ce
rat
om
yxa
_p
un
taz
zi_
MY

Coryne_pusilla_HY

Stichodactyla_gigantea_HE

Sagartioge
ton_lacerat

us_HE

Lucernaria_bathyphila_ST

Ku
do
a_
ba
rra
cu
da
i_M

Y

Ce
rat
om
yxa
_ar
cua
ta_
MY

Eutima_gegenbauri_HY

Go
nia
str
ea
_s
tel
lig
er
a_
HE

Eutima_curva_HY

Apolemia_lanosa_HY

Parazoanthus_axinellae_HE

Ku
do
a_
ab
ur
ak
ar
ei
_M

Y

Ku
do
a_
cil
ia
ta
e_
M
Y

Zanclea_gallii_HY

Dipurena_reesi_HY

C
hi
ro
ps
al
m
us
_q
ua
dr
um

an
us
_C

U

Thelohanellus_qadrii_MY

Urticina_felina_HE

Coryne_producta_HY

Ku
do
a_
gu
nt
er
ae
_M
Y

Pav
oni
a_c

lavu
s_H

E

Ox
yp
ora
_la
ce
ra_
HE

Clytia_paulensis_HY

Me
rul
ina
_s
ca
bri
cu
la_
HE

Sc
ler
on
ep
ht
hy
a_
gr
ac
illi
m
um

_O
C

Kulamanamana_haumeaae_HE

Co
cc
om

yx
a_
co
lu
ro
do
nt
id
is_
M
Y

Billardia_subrufa_HY

La
tys
po
ra_
sc
om
be
rom

ori
_M
Y

Den
drop

hylli
a_jo

hnso
ni_H

E

Carcinactis
_dolosa_HE

Bellactis_ilkalyseae_HE

Myxobolus_pfeifferi_MY

M
yxobolus_cyprini_M

Y

Cer
ato
myx

a_le
ath
erja

cke
ti_M

Y

M
yxobolus_terengganuensis_M

Y

Sph
aero

spo
ra_s

pari
s_M

Y

Myxobolus_nielii_MY

Catostylus_tagi_SC

Henneguya_ovata_M
Y

Bla
sto
mu
ss
a_
we
lls
i_H
E

Ku
do
a_
tra
ch
ur
i_M

Y

Schizotri
cha_turq

ueti_HY

Antipathes_atlantica_HE

En
ter
om
yx
um
_fu
gu
_M
Y

Anthothoe_chilensis_HE

Epizoanthus_illoricatus_HE

El
lip
so
m
yx
a_
go
bi
i_
M
Y

Re
ni
lla
_r
en
ifo
rm
is
_O
C

Ce
rat
om
yx
a_
ae
gy
pti
ac
a_
MY

Eucheilota_bakeri_HY

Mo
ntip

ora
_ci
rcu
mv
alla
ta_
HE

Eirene_viridula_HY

Si
gm

om
yx
a_
sp
ha
er
ica
_M

Y

Ortholinea_mullusi_MY

Tiaricodon_coeruleus_HY

At
or
el
la
_o
ct
og
on
os
_S
C

Aglao
phen

ia_ha
rpago

_HY

Mad
racis

_kirb
yi_H

E

Pachycerianthus_magnus_CE

Rhizo
psam

mia_m
inuta_

HE

M
yxobolus_longissim

us_M
Y

Sp
ha
er
os
po
ra
_o
nc
or
hy
nc
hi
_M

Y

Gyractis_sesere_HE

Sph
aer
osp

ora
_div

ersa
_MY

So
ric
im
yx
um

_f
eg
at
i_
M
Y

Epizoanthus_paguricola_HE

Schuchertinia_allmanii_HY

Styloco
eniella_

guenthe
ri_HE

Oceaniidae_sp_HY

H
enneguya_salm

inicola_M
Y

Ce
rat
om
yx
a_
vik
ram
i_M
Y

Ce
rat
om
yxa
_se
rio
lae
_M
Y

Pa
ra
m
yx
id
iu
m
_m

ag
i_
M
Y

Ca
ryo
ph
ylli
a_
sm
ith
ii_H
E

Cassiopea_androm
eda_SC

Thec
opsa

mmi
a_so

cialis
_HE

Myxobolus_ellipsoides_MY

Macr
orhyn

chia_
sibog

ae_H
Y

Eutima_sapinhoa_HY

Idiell
ana_

pristi
s_HY

M
yx
ob
ol
us
_f
ry
er
i_
M
Y

Myxobolus_basuhaldari_MY

Zyzzyzus_calderi_HY

Bla
sto
mu
ss
a_
me
rle
ti_
HE

Ku
do
a_
m
ini
th
yr
sit
es
_M
Y

Epiactis_fernaldi_HE

M
yxobolus_cordeiroi_M

Y

Ce
rat
om
yxa
_br
ayi
_M
Y

Sp
ha
er
om

yx
a_
ke
nt
i_
M
Y

Anten
nella_

secun
daria_

HY

M
yx
ob
ol
us
_s
pi
ro
su
lca
tu
s_
M
Y

Henneguya_pseudorhinogobii_M
Y

Botruanthus_benedeni_CE

Myxobolus_toyamai_MY

Parantipathes_sp_HE

Ac
rop
ora
_g
lob
ice
ps
_H
E

Praya_dubia_HY

Pa
rvi
ca
ps
ula
_ir
reg
ula
ris
_M
Y

Cricophorus_nutrix_HE

Na
re
lla
_c
la
va
ta
_O

C

Coe
lose

ris_
ma
yer
i_H
E

Ce
rat
om
yxa
_po

rre
cta
_M
Y

Calliactis_tigris
_HE

Th
ou
ar
el
la
_g
ra
ss
ho
ffi
_O

C

Myxobolus_oralis_MY

Ce
rato

my
xa_

epi
nep

hel
i_M

Y

Bala
nop

hylli
a_im

peri
alis_

HE

Halcampoide
s_purpureus_

HE

Zanclea_sango_HY

Heteractis_malu_HE

Ku
do
a_
tri
fo
lia
_M

Y

Myxobolus_leuciscini_MY

M
yx
oz
oa
_s
p_
M
Y

Un
ica
ps
ula
_m
oto
mu
ra
i_M

Y

M
yxobolus_ibericus_M

Y

Henneguya_creplini_M
Y

Thelohanellus_zahrahae_M
Y

M
yxobolus_piraputangae_M

Y

Myxobolus_drjagini_MY

Haliclystus_auricula_ST

Ta
m
oy
a_
oh
bo
ya
_C

U

Isanthus_capensis_HE

Discoso
ma_num

miforme
_HE

G
as
tro
m
yx
um

_b
ul
an
i_
M
Y

Dicoryne_conferta_HY

M
yxobolus_filam

entum
_M

Y

Scolanthus_shrimp_HE

Pa
rvi
ca
ps
ula
_k
ab
ata
i_M
Y

Ju
nc
ee
lla
_r
ac
em
os
a_
OC

He
pt
ap
rim

no
a_
pa
ta
go
ni
ca
_O

C

Mo
ntip

ora
_ca

licu
lata

_H
E

Hydra_zhujiangensis_HY

Henneguya_m
ississippiensis_M

Y

Nem
opilem

a_nom
urai_SC

Solm
issus_m

arshalli_HY

Ta
iar
oa
_t
au
ho
u_
OC

El
lip
so
m
yx
a_
ar
ar
ie
ns
is_
M
Y

Sph
aero

spo
ra_d

imin
uta_

MY

M
yx
id
iu
m
_r
ho
de
i_
M
Y

Halop
teris_

carina
ta_HY

Stylaster_duchassaingii_HY

C
hrysaora_fulgida_SC

En
ter
om
yx
um
_le
ei_
MY

Henneguya_gurlei_M
Y

Myxobolus_varius_MY

Cer
ato
my
xa_

am
azo

nen
sis_

MY

Botrucnidifer_sp_CE

M
yx
id
iu
m
_c
or
yp
ha
en
oi
de
um

_M
Y

Leiopathes_sp_HE

Zs
ch
ok
ke
lla
_t
ra
ch
in
i_
M
Y

Bala
nop

hylli
a_e

urop
aea

_HE

Anten
nella_

ansin
i_HY

M
yx
id
iu
m
_a
m
az
on
se
_M

Y

Symplect
oscyphus

_turgidus
_HY

Myxobolus_feisti_MY

Thelohanellus_andhrae_MY

Amp
hisbe

tia_o
percu

lata_
HY

Lo
bo
ph
yll
ia_
ro
bu
sta
_H
E

Haliscera_conica_HY

Aurelia_aurita_SC

Thelohanellus_caudatus_MY

Earleria_quadrata_HY

Ac
rop
ora
_va
ug
ha
ni_
HE

Haliscera_bigelowi_HY

M
yxobolus_oliveirai_M

Y

M
yxobolus_m

achidai_M
Y

Sp
ah
er
om

yx
a_
za
ha
ro
ni
_M

Y

Ce
rato

my
xa_

rue
ppe

llii_
MY

Myxobolus_allotypica_MY

Orthopyxis_caliculata_HY

Por
ites

_cy
lind

rica
_HE

Cy
ph
as
tre
a_
se
rai
lia
_H
E

Edwardsia_andresi_HE

Ku
do
a_
lep
tac
an
tha
e_
MY

Ga
dim
yx
a_
arc
tic
a_
MY

Th
ou
ar
el
la
_c
re
ne
la
ta
_O

C

Ce
rat
om
yx
a_
leu
co
ste
rno
ni_
MY

Pelagia_panopyra_SC

Pa
ra
go
rg
ia_
ar
bo
re
a_
OC

Ec
hin
op
hy
llia
_a
sp
era
_H
E

Proboscidactyla_ornata_HY

Java
nia_

caill
eti_

HE

Symplectoscyph
us_tricuspidatus

_HY

Forskalia_asymmetrica_HY

Calliactis_tricolor
_HE

Ce
rat
om
yxa
_g
un
ter
ae
_M
Y

Campanularia_volubilis_HY

Cer
ato
myx

a_v
erm

ifor
mis

_M
Y

Mitrocomella_polydiademata_HY

Sagartia_ornata_HE

M
yxobolus_neurophilus_M

Y

Hataia_parva_HY

Pe
nn
at
ula
_s
p_
OC

Pachycerianthus_multiplicatus_CE

Exaiptasia_pallida_HE

Zoanthus_sp_HE

M
yxobolus_figueirae_M

Y

Gyr
osm

ilia_
inte

rrup
ta_
HE

Sm
inthea_arctica_HY

M
yxobolus_branchiarum

_M
Y

Au
er
ba
ch
ia
_m

aa
m
ou
ni
_M

Y

Garveia_grisea_HY

Aulactinia_marplatensis_HE

Ku
do
a_
ov
ivo
ra
_M
Y

Opercularella_lacerata_HY

Eudendrium_caraiuru_HY

Brinckmannia_hexactinellidophila_HY

Eudendrium_carneum_HY

Metarho
dactis_s

p_HE

Eutima_krampi_HY

Sagartiogeton_undatus_HE

N
au
si
th
oe
_a
tla
nt
ic
a_
SC

Entacmaea_quadricolor_HE

Adamsia_palliata_HE

Verrillactis_paguri_HE

Cribrinopsis_olegi_HE

Thelohanellus_kitauei_MY

Laviactis_lucida_HE

Hora
strea

_indi
ca_H

E

Tur
bina

ria_
hero

nen
sis_

HE

Symplectoscyph
us_glacialis_HY

Pachycerianthus_solitarius_CE

Da
sy
st
en
el
la
_a
ca
nt
hi
na
_O

C

Polyorchis_penicillatus_HY

Pleura
ctis_p

aumo
tensis

_HE

Botrynem
a_ellinorae_HY

Ce
rat
om
yxa
_b
rya
nti
_M
Y

Myxobolus_kiuchowensis_MY

Cl
av
ul
ar
ia
_m

ika
do
_O
C

Lepidopora_microstylus_HY

Leuckartiara_octona_HY

M
yxobolus_orthotaenae_M

Y

Be
llo
ne
lla
_r
ig
id
a_
O
C

Schuchertinia_epiconcha_HY

Stichopathes_spiessi_HE

Plumu
laria_s

etacea
_HY

Mala
cosp

orea
_sp_

MY

Sph
aero

spo
ra_a

ngu
lata

_MY

G
eryonia_proboscidalis_HY

Paraphelliac
tis_sp_HE

Pachycerianthus_torreyi_CE

Aiptasia_mutabilis_HE

M
yx
ob
ol
us
_i
ns
id
io
su
s_
M
Y

Mo
ntip

ora
_au

stra
lien
sis
_H
E

Ac
rop
ora
_m
on
ticu
los
a_
HE

Ku
do
a_
m
in
ia
ur
icu
la
ta
_M

Y

El
lip
so
m
yx
a_
sy
ng
na
th
i_
M
Y

Aglao
phen

ia_tu
biform

is_HY

Ce
rat
om
yx
a_
sp
aru
sa
ura
ti_
MY

Myxobolus_elegans_MY

Myxobolus_ginbuna_MY

Forskalia_tholoides_HY

Staurodiscus_gotoi_HY

Bonneviella_regia_HY

Den
drop

hyllia
_lab

oreli
_HE

Cla
dop

sam
mia

_eg
uch

ii_H
E

Schizotri
cha_cras

sa_HY

Myxobolus_minutus_MY

Chuniphyes_moserae_HY

Corynac
tis_califo

rnica_HE
M
yxobolus_khaliji_M

Y

Bougainvillia_carolinensis_HY

Ku
do
a_
he
xa
pu
nc
ta
ta
_M
Y

Myxobolus_balatonicus_MY

Bouillonactinia_hooperi_HY

M
yx
id
iu
m
_m

ax
i_
M
Y

Anthopleura_krebsi_HE

Sp
ha
er
om

yx
a_
ly
co
di
_M

Y

Ga
rdin

ero
ser
is_p

lan
ula
ta_
HE

Thelohanellus_bifurcata_MY

Ch
ry
so
go
rg
ia
_c
hr
ys
ei
s_
O
C

Eugymnanthea_inquilina_HY

Sph
aero

spo
ra_m

olna
ri_M

Y

Cer
ato
my
xa_

neg
apr
ion
i_M

Y

Erenna_sirena_HY

Henneguya_tapajoensis_M
Y

Vam
pyrocrossota_sp_HY

Schuchertinia_conchicola_HY

Al
at
in
id
ae
_i
nd
et
_C

U

Alvinactis_chessi_HE

Athorybia_rosacea_HY

Ac
rop
ora
_m
icro
cla
dos
_H
E

Haliclystus_antarcticus_ST

Rhizocaulus_verticillatus_HY

Halecium_me
diterraneum_

HY

Diph
asia_

fallax
_HY

C
ar
yb
de
a_
xa
ym

ac
an
a_
C
U

Ca
ry
bd
ei
da

A
to
lla
_v
an
ho
ef
fe
ni
_S
C

Ce
rat
om
yxa
_h
oo
pe
ri_
MY

Henneguya_friderici_M
Y

Dentit
heca_

bident
ata_H

Y

Ce
rat
om
yxa
_n
ow
ak
ae
_M
Y

Stylaster_verrillii_HY

Schizotri
cha_falca

ta_HY

Ac
rop
ora
_m
ulti
acu
ta_
HE

Java
nia_

bore
alis_

HE

Ac
rop
ora
_cy
the
rea
_H
E

Ec
hin
op
hy
llia
_o
rph
ee
ns
is_
HE

C
hi
ro
ne
x_
fle
ck
er
i_
C
U

Henneguya_exilis_M
Y

Na
re
lla
_v
er
slu
ys
i_
O
C

Ce
rat
om
yxa
_cr
ete
nsi
s_M

Y

Myxobolus_alvarezae_MY

Ec
hi
no
go
rg
ia
_a
ur
an
tia
ca
_O
C

Th
ou
ar
el
la
_v
iri
di
s_
O
C

Or
bic
ell
a_
fra
nk
si_
HE

Henneguya_brachypom
us_M

Y

Gymn
angiu

m_hia
ns_H

Y

C
ram

bionella_orsini_SC

Ce
rat
om
yx
a_
go
ule
tti_
MY

C
ys
to
di
sc
us
_m

el
le
ni
_M

Y

Ku
do
a_
ne
ur
op
hil
a_
M
Y

Hydra_carnea_HY

Myxobolus_bliccae_MY

Myxobolus_dujardini_MY

M
yxobolus_SR_2018_M

Y

Ac
rop
ora
_pa

nic
ula
ta_
HE

Campanularia_subantarctica_HY

Coryne_eximia_HY

Henneguya_sutherlandi_M
Y

Candelabrum_cocksii_HY

Lo
bo
ph
yll
ia_
re
cta
_H
E

Clavactinia_gallensis_HY

Ce
rat
om
yx
a_
ay
am
i_M
Y

Ce
rat
om
yxa
_au

erb
ach
i_M
Y

M
yxobolus_lepom

is_M
Y

Ce
rato

my
xa_

aur
ata
e_M

Y

Ps
eu
do
cla
do
ch
on
us
_h
ick
so
ni
_O
C

Ku
do
a_
og
aw
ai_
MY

Ku
do
a_
let
hr
ini
_M
Y

Myxobolus_linzhiensis_MY

Rhizophysa_eysenhardtii_HY

C
ya
ne
a_
la
m
ar
ck
ii_
SC

Henneguya_oviperda_M
Y

C
ephea_cephea_SC

Th
ou
ar
el
la
_c
or
on
at
a_
O
C

Parazoanthid_sp_HE

Ku
do
a_
se
pt
em
pu
nc
ta
ta
_M
Y

Kirchen
paueria_

similis_H
Y

Haliclystus_borealis_ST

Trun
cato

flab
ellum

_sp
_HE

Pa
rvi
ca
ps
ula
_p
etu
nia
e_
MY

Opercularella_pumila_HY

Flosmaris_mutsuens
is_HE

M
yx
id
iu
m
_s
co
m
be
ro
m
or
i_
M
Y

Dyna
men

a_cr
isioid

es_H
Y

Ac
rop
ora
_m
uri
cat
a_
HE

Haliclystus_sanjuanensis_ST

Por
ites

_ru
s_H

E

Thelohanellus_toyamai_MY

El
lip
so
m
yx
a_
ad
la
rd
i_
M
Y

Myxobolus_branchialis_MY

Physonect_sp_HY

Sphaeronectes_haddocki_HY

Cassiopea_frondosa_SC

Laomedea_calceolifera_HY

Ku
do
a_
ch
eil
od
ipt
er
i_M

Y

Exaiptasi
a_diapha

na_HE

Ku
do
a_
pa
ra
th
yr
sit
es
_M
Y

Vi
cto
rg
or
gia
_a
lba
_O
C

Edwardsia_tuberculata_HE

Henneguya_dogieli_M
Y

M
yx
id
iu
m
_t
ru
tta
e_
M
Y

Clytia_gracilis_HY

Myxobolus_cutanei_MY

Myxobolus_pseudoacinosus_MY

Ku
do
a_
qu
ad
ric
or
nis
_M
Y

Bouillonactinia_carcinicola_HY

Hydrissa_sodalis_HY

Ac
rop
ora
_h
orr
ida
_H
E

Thyroscyph
us_margina

tus_HY

Thelohanellus_catlae_MY

Polyorchis_haplus_HY

Egu
chip

sam
mia

_se
rpen

tina
_HE

Arctapodem
a_sp_HY

Colp
ophy

llia_n
atan

s_HE

Myxobolus_dogieli_MY

Ac
rop
ora
_n
asu
ta_
HE

Ku
do
a_
qu
ra
ish
ii_
MY

Ch
lo
ro
m
yx
um

_r
io
ra
ju
m
_M

Y

Sph
aero

spo
ra_f

orm
osa

_MY

Henneguya_cynoscioni_M
Y

Ce
rat
om
yxa
_c
ho
ero
do
na
e_
MY

Rhopilem
a_nom

adica_SC

Clavactinia_rubricata_HY

Macro
rhync

hia_p
hilipp

ina_H
Y

Paracalliactis_sp_HE

Ce
rat
om
yxa
_jo
nes
i_M
Y

Sty
lara

ea_
pun

ctat
a_H

E

Ca
lyp
tro
ph
or
a_
wy
vil
le
i_
O
C

M
yxobolus_parvus_M

Y

Li
nu
ch
e_
aq
ui
la
_S
C

Isotealia_sp_HE

Ku
do
a_
pr
un
us
i_M

Y

Ch
ry
so
go
rg
iid
ae
_s
p_
O
C

Stylactaria_fucicola_HY

Poda
bacia

_crus
tacea

_HE

Pe
ris
so
go
rg
ia
_m

on
ile
_O

C

Aglao
phen

ia_el
onga

ta_H
Y

Ac
rop
ora
_ro
se
ni_
HE

H
enneguya_cerebralis_M

Y

Halopsis_ocellata_HY

Ku
do
a_
al
lia
ria
_M

Y

Ch
ry
so
go
rg
ia
_p
in
na
ta
_O

C

Physalia_physalis_HY

El
lip
so
m
yx
a_
am

az
on
en
sis
_M

Y

Cribrinopsis_albopunctata_HE

El
lip
so
m
yx
a_
ar
ot
hr
on
i_
M
Y

Myxobolus_margitae_MY

Pachycerianthus_dohrni_CE

Sertularell
a_gayi_HY

Cribrinopsis_fernaldi_HE

Pa
rag
on
ias
tre
a_
au
str
ale
ns
is_
HE

M
yx
id
iu
m
_s
he
dk
oa
e_
M
Y

Helgicirrha_brevistyla_HY

Un
ica
ps
ula
_p
flu
gfe
lde
ri_
MY

M
el
ith
ae
a_
ha
be
re
ri_
O
C

Phialella_quadrata_HY

Actinothoe_sphyrodeta_HE

Ac
rop
ora
_to
rtu
os
a_
HE

Sw
ifti
a_
pa
cif
ica
_O
C

Ca
lci
go
rg
ia_
be
rin
gi_
OC

Acricoacti
s_brachya

contis_HE

Lychnorhiza_lucerna_SC

Clytia_linearis_HY

Gal
axe

a_a
stre

ata
_HE

Rh
od
an
iri
do
go
rg
ia
_f
ra
gi
lis
_O

CScolionem
a_sanshin_HY

Mitrocomella_brownei_HY

Calvadosia_cruxm
elitensis_ST

Edwardsiella_lineata_HE

Anthohebella_para
sitica_HY

Rhacostoma_atlanticum_HY
Aiptasia_couchii_HE

Clytia_noliformis_HY

Coryne_uchidai_HY

Myxobolus_sitjae_MY

Myxobolus_shaharomae_MY

Sertu
laria_

dista
ns_H

Y

Hoferellus_azevedoi_MY

As
tre
a_
de
va
nti
er
i_H
E

Ca
ryo
ph
ylli
a_
sa
rsi
ae
_H
E

Ce
rato

my
xa_

cya
nos

om
ae_

MY

Blackfordia_virginica_HY

Aglao
phen

ia_oc
todon

ta_H
Y

Phymanthus_loligo_HE

M
yx
id
iu
m
_o
vif
or
m
e_
M
Y

Ce
rat
om
yxa
_b
arn
es
i_M
Y

Na
re
lla
_d
ich
ot
om

a_
O
C

Sp
ha
er
om

yx
a_
ho
rri
da
_M

Y

Sin
uo
lin
ea
_a
rct
ica
_M
Y

C
hrysaora_colorata_SC

M
astigias_papua_SC

H
ungactinom

yxon_sp_M
Y

Corym
orpha_bigelowi_HY

Cram
bione_m

astigophora_SC

C
ar
yb
de
a_
br
ev
ip
ed
al
ia
_C

U

M
yxobolus_porofilus_M

Y

Hebella_venusta_H
Y

Ptychogastria_polaris_HY

Actinia_equina_HE

Sph
aer
osp

ora
_ab

ram
i_M

Y

Anemonia_viridis_HE

Eutima_gracilis_HY

Neoactinomyxum_eiseniellae_MY

Erenna_cornuta_HY

Ce
rat
om
yxa
_ir
en
ea
e_
MY

Isosicyonis_striata_HE

Corallizoanthus_tsukaharai_HE

Ectopleura_crocea_HY

Lep
tos
eris

_ya
bei
_HE

Rhopilem
a_esculentum

_SC

Myxobolus_bramae_MY

Rhopilem
a_verrilli_SC

Ce
rato

my
xa_

bur
i_M

Y

Sph
aer
osp

ora
_ru
tili_

MY

Cer
ato
my
xa_

syn
aph

obr
anc

hi_
MY

Lo
bo
ph
yll
ia_
ag
ar
ici
a_
HE

Edwardsia_timida_HE

Ce
rat
om
yxa
_d
en
nis
i_M
Y

Plumu
laria_f

ilicauli
s_HY

Au
er
ba
ch
ia
_p
ul
ch
ra
_M

Y

Myxobolus_cycloides_MY

Inferiolabiata_lowei_HY

O
lindias_form

osus_HY

Coryne_pintneri_HY

Homop
hyllia_

bower
banki_

HE

Ce
rat
om
yxa
_m
eh
lho
rni
_M
Y

Cladonema_californicum_HY

Pal
liatu

s_in
dec

oru
s_M

Y

Ac
rop
ora
_ch
est
erf
ield
en
sis
_H
E

Acrom
itus_flagellatus_SC

Ca
lic
og
or
gia
_g
ra
nu
los
a_
OC

Sinu
oline

a_ni
lotic

us_M
Y

Oswald
ella_sh

etlandic
a_HY

Sert
ulari

a_cu
pres

sina
_HY

Henneguya_loretoensis_M
Y

Ptychogena_crocea_HY

Sw
ifti
a_
sim

ple
x_
OC

Fungi
a_fun

gites_
HE

Hydra_oligactis_HY

Sand
alolit

ha_ro
busta

_HE

Rhizogeton_nudus_HY

Mussa
_angul

osa_HE

M
anania_uchidai_ST

M
yxobolus_nagaraensis_M

Y

Stauridiosarsia_ophiogaster_HY

M
yxobolus_neurobius_M

Y

C
ar
yb
de
a_
ar
bo
rif
er
a_
C
U

Cer
ato
my
xa_

car
cha

rhin
i_M

Y

Tub
astr

aea
_coc

cine
a_H

E

Tr
ip
ed
al
ia
_b
in
at
a_
C
U

Zs
ch
ok
ke
lla
_b
ica
rin
at
is_
M
Y

Bunodosoma_grande_HE

Isophy
llia_sin

uosa_H
E

Stylaster_elassotomus_HY

Myceto
phyllia_

aliciae_
HE

Ne
ph
th
ea
_s
p_
OC

Epizoanthus_ramosus_HE

Ku
do
a_
cr
en
im
ug
ilis
_M

Y

Fun
gia
cya

thu
s_m

are
nze

ller
i_H
E

Mo
ntip

ora
_sp

ong
ode

s_H
E

Errinopora_nanneca_HY

Cereus_pe
dunculatus

_HE

Ce
rat
om
yxa
_hu

sse
ini_
MY

Myxobolus_turpisrotundus_MY

Stephanohelia_sp_HY

Ca
ryo
ph
ylli
a_
hu
ina
ye
ns
is_
HE

Antipathozoanthus_macaronesicus_HE

Diplo
ria_la

byrin
thifor

mis_
HE

Hydra_viridissim
a_HY

Ku
do
a_
ple
ur
og
ra
m
m
i_M

Y

Mitrocomella_niwai_HY

Halcampa_d
uodecimcirra

ta_HE

Myxobolus_pronini_MY

Sph
aero

spo
ra_t

rutta
e_M

Y

Ce
rato

my
xa_

gur
nar
di_
MY

Aiptasia_insignis_HE

Pachycordyle_pusilla_HY

Terrazoanthus_onoi_HE

Myxobolus_pendula_MY

Nematostella_vectensis_HE

Fa
nn
ye
lla
_s
pi
no
sa
_O

C

Antipathes_fiordensis_HE

Iso
po
ra_
bru
eg
ge
ma
nn
i_H
E

Psam
moco

ra_ha
imian

a_HE

Cy
clo
se
ris
_e
xp
lan
ula
ta_
HE

Ce
rato

my
xa_

sew
elli_

MY

As
tre
a_
cu
rta
_H
E

Fa
vit
es
_p
en
tag
on
a_
HE

Le
pi
di
sis
_s
p_
O
C

M
yxobolus_cerebralis_M

Y

Distichopora_foliacea_HY

Calvadosia_corbini_ST

Scl
ero
phy

llia_
ma
xim
a_H

E

Psam
moco

ra_st
ellata

_HE

Sert
ulari

a_ar
gent

ea_H
Y

Boloceroide
s_mcmurric

hi_HE

Hexactinomyxon_sp_MY

Sarsia_apicula_HY

Ce
rat
om
yxa
_re
idi_
MY

Plumul
aria_pu

lchella_
HY

Henneguya_corruscans_M
Y

Th
ou
ar
el
la
_p
en
du
lin
a_
O
C

Au
ra
nt
ia
ct
in
om

yx
on
_p
av
in
si
s_
M
Y

Mo
ntip

ora
_ve

rru
cos
a_H

E

C
hrysaora_agulhensis_SC

Ra
ab
ei
a_
sp
_M

Y

Pa
ra
go
rg
ia
_j
oh
ns
on
i_
O
C

Zs
ch
ok
ke
lla
_a
ur
at
is_
M
Y

Ce
rat
om
yxa
_h
ero
ne
nsi
s_M

Y

Myxobolus_muellericus_MY

Sertularel
la_diapha

na_HY

Ca
ryo
ph
ylli
a_
ca
lve
ri_
HE

Pa
rvi
ca
ps
ula
_a
sy
mm

etr
ica
_M
Y

Erenna_richardi_HY

Apolemia_rubriversa_HY

Por
ites

_pr
ofun

dus
_HE

Cosci
narae

a_exe
sa_HE

Dactylanthus_antarcticus_HE

Myxobolus_pellicides_MY

Ku
do
a_
pa
ni
fo
rm
is_
M
Y

Vi
rg
ula
ria
_ju
nc
ea
_O
C

M
et
eo
ro
na
_k
is
hi
no
uy
ei
_C

U

Scolym
ia_sp_

HE

Zs
ch
ok
ke
lla
_p
ar
as
ilu
ri_
M
Y

Ectopleura_larynx_HY

M
yxobolus_aureus_M

Y

Henneguya_lobosa_M
Y

Corymorpha_sarsii_HY

Abie
tinar

ia_fi
licula

_HY

Bougainvillia_fulva_HY

Ce
rat
om
yxa
_k
oie
ae
_M
Y

Sphaeronectes_christiansonae_HY

Epizoanthus_lindhali_HE

Ce
rat
om
yxa
_h
ein
ige
rae
_M
Y

C
ya
ne
a_
ca
pi
lla
ta
_S
C

Ac
rop
ora
_n
an
a_
HE

Calliactis_poly
pus_HE

Myxobolus_abitus_MY

Hoferellus_gilsoni_MY

Depastrom
orpha_africana_ST

Oswald
ella_gra

ndis_H
Y

Myxobolus_fundamentalis_MY

Henneguya_calcarifer_M
Y

Di
ps
as
tra
ea
_m
att
ha
ii_
HE

Henneguya_rhinogobii_M
Y

Ku
do
a_
pa
gr
us
i_M

Y

Anthopleura_atodai_HE

Chelophyes_appendiculata_HY

Moerisia_inkermanica_HY

Ku
do
a_
un
ica
ps
ul
a_
M
Y

Helgicirrha_cari_HY

Podocoryna_pruvoti_HY

Sid
era
stre

a_s
avig

nya
na_

HE

Ac
rop
ora
_a
cul
eu
s_H

E

Zanclea_costata_HY

Ectopleura_obypa_HY

Phellia_gausapata_HE

Crossota_norvegica_HY

C
ar
yb
de
a_
m
or
a_
C
U

Vogtia_pentacantha_HY Dana
fungia

_horr
ida_H

E

Tu
rb
ina
ria
_p
elt
ata
_H
E

Fu
nic
uli
na
_s
p_
OC

Distichopora_robusta_HY

Myxobolus_pavlovskii_MY

Halop
teris_m

inuta_
HY

Henneguya_ictaluri_M
Y

Phyllorhiza_punctata_SC

Ch
lo
ro
m
yx
um

_c
la
va
tu
m
_M

Y

Kirchen
paueria

_haleci
oides_H

Y

Be
llo
ne
lla
_u
ni
co
lo
r_
O
C

M
yxobolus_hakyi_M

Y

Ce
rat
om
yxa
_fil
am
ent
osi
_M
Y

Thelohanellus_macrovacuolaris_MY

Stom
olophus_m

eleagris_SC

Antonactinomyxon_sp_MY

Pav
ona

_ve
nos

a_H
E

Di
ps
as
tra
ea
_fa
via
for
mi
s_
HE

Hydra_vulgaris_HY

Halop
teris_s

chuch
erti_H

Y

Podocoryna_exigua_HY

Cytaeis_uchidae_HY

Thelohanellus_hovorkai_MY

Ce
rato

my
xa_

gle
eso

ni_
MY

Bud
den
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taxa	that	were	both	in	our	phylogenomic	dataset	and	our	18S	analysis.	Cubozoa	was	454 
collapsed	to	a	polytomy	in	our	constraint	tree	to	reflect	the	disagreement	among	455 
phylogenetic	analyses.	We	then	applied	this	constraint	tree	in	a	maximum-likelihood	456 
analysis. 457 
 458 
The	resulting	analysis	produced	a	cnidarian	tree	that	included	roughly	15%	of	all	459 
described	cnidarian	species	(Fig.	3).	Of	the	229	genera	with	more	than	a	single	460 
representative,	47	(21%)	were	identified	as	monophyletic	in	our	tree.	 461 
 462 
Discussion 463 
Cnidaria	is	an	ancient	lineage	that	encompasses	a	wide	range	of	phenotypic	and	464 
genomic	diversity.	Research	interests	in	cnidarian	organisms	are	extensive	and	465 
taxonomically	broad,	presenting	an	excellent	opportunity	to	study	a	wide	variety	of	466 
biological	processes.	However,	an	accurate	and	extensive	phylogenetic	framework	is	467 
necessary	to	promote	and	contextualize	such	research.	Existing	phylogenies	encompass	468 
less	than	2%	of	species	(Fig.	1A)	and	most,	if	not	all,	are	taxonomically	skewed	relative	469 
to	the	actual	representation	of	major	cnidarian	groups	(Fig.	1B).	In	addition,	there	are	470 
conflicting	relationships	that	emerge	from	these	previous	studies,	which	is	not	471 
surprising	given	that	they	differ	in	taxon	sampling	and	fail	to	represent	the	diversity	of	472 
the	group.	Here,	we	apply	a	hybrid	approach	to	present	phylogenetic	relationships	for	473 
nearly	15%	of	cnidarian	species. Building	a	reliable	phylogeny	for	any	group,	particularly	474 
one	as	diverse	and	species	rich	as	Cnidaria,	requires	the	cumulative	efforts	of	475 
researchers	working	to	improve	inference	methods	and	taxonomic	and	genomic	476 
sampling.	In	comparing	results	across	studies	and	incorporating	previously	applied	477 
sequences	with	newly	acquired	data,	support	for	phylogenetic	relationships	becomes	478 
stronger.	 479 
	 480 
Anthozoa 481 
Hexacorallia 482 
The	main	phylogeny	generated	here	(Fig.	2)	recovers	all	included	ordinal	lineages	as	483 
monophyletic	and	concurs	with	other	recent	phylogenomic	studies	(Zapata,	et	al.	2015;	484 
Kayal,	et	al.	2018;	Quattrini,	et	al.	2018;	Quattrini,	et	al.	2020)	in	finding	Ceriantharia	as	485 
the	sister	to	all	other	hexacorals	as	well	as	recovering	Scleractinia	and	Corallimorpharia	486 
as	sister	taxa.	We	also	find	Zoantharia	as	the	sister	to	a	clade	that	includes	Scleractinia,	487 
Corallimorpharia,	and	Actiniaria,	but	the	absence	of	Antipatharia	in	our	phylogenomic	488 
analyses	limits	comparison	beyond	that	broad	frame.	In	the	much	more	densely	489 
sampled	18S	tree,	Zoantharia	is	non-monophyletic	with	a	sample	labeled	as	Zoanthus	490 
falling	out	among	the	Antipatharia;	we	suspect	that	this	is	a	contaminant	or	mislabeled	491 
sequence	rather	than	evidence	for	zoantharian	polyphyly.	Ordinal-level	relationships	in	492 
our	18S	tree	contravene	previous	phylogenomic	interpretations,	with	Antipatharia	as	493 
the	sister	to	the	Actiniaria-Scleractinia-Corallimorpharia	clade,	rather	than	being	sister	494 
to	Scleractinia	and	Corallimorpharia	as	in	target-enrichment	(Quattrini,	et	al.	2018;	495 
Quattrini,	et	al.	2020)	and	transcriptome-based	analyses	(Zapata,	et	al.	2015).	Our	496 
reconstruction	of	ordinal	phylogeny	conflicts	with	any	inference	of	homology	for	497 
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attributes	related	to	skeletonization	of	hexacorals,	as	it	disassociates	Scleractinia	and	498 
Antipatharia. 499 
	 500 
Ceriantharia 501 
Among	anthozoan	lineages,	Ceriantharia	has	been	the	most	challenging	to	interpret	502 
phylogenetically.	Instability	in	the	resolution	of	Ceriantharia	confounds	attempts	to	503 
understand	two	key	aspects	of	ceriantharian	biology.	Ceriantharians	produce	spirocysts	504 
and	ptychocysts	in	addition	to	nematocysts,	with	these	additional	kinds	of	capsules	505 
having	different	structural	properties	and	functions	(Mariscal	1984).	Ptychocysts	are	506 
unique	to	Ceriantharia	(Mariscal,	et	al.	1977).	The	inferred	relationship	among	these	507 
secretory	products	depends	on	the	topology	of	the	anthozoan	tree	(Reft	and	Daly	2012)	508 
and	is	worth	investigating,	given	the	functional	importance	and	unparalleled	complexity	509 
of	these	microscopic	machines.	Similarly,	the	medusiform,	long-lived	larval	stage	of	510 
some	ceriantharians	is	complicated	to	interpret	if	the	phylogenetic	position	of	511 
Ceriantharia	is	not	well	resolved. 512 
 513 
Here	we	applied	the	greatest	diversity	and	number	of	ceriantharian	species	to	date	(Fig.	514 
1B,	Fig.	2),	and	recovered	this	historically	labile	group	as	sister	to	other	Hexacorallia	in	515 
all	of	our	analyses	(Fig.	2,	S2-4).	This	result	corroborates	the	results	of	previous	516 
phylogenomic	studies	(Zapata,	et	al.	2015;	Kayal,	et	al.	2018;	Quattrini,	et	al.	2018;	517 
Quattrini,	et	al.	2020)	and	solidifies	the	placement	of	this	clade.	With	this	result	in	hand,	518 
we	can	gain	insight	from	prior	studies	that	recovered	a	conflicting	result.	Growing	519 
evidence	that	these	relationships	are	outliers	lends	support	to	the	hypothesis	that	the	520 
topology	resolved	in	Stampar	et	al.	(2019)	is	the	result	of	unique	and	remarkably	slow	521 
rates	of	mitochondrial	genome	evolution	(Shearer,	et	al.	2002;	Brugler	2004;	Hellberg	522 
2006),	a	trend	echoed	across	most	anthozoan	groups.	In	the	phylogenomic	tree,	523 
Ceriantharia	contains	a	monophyletic	Penicillaria	and	Spirularia.	However,	within	524 
Spirularia,	the	two	Cerianthidae	species	are	not	monophyletic,	as	Pachycerianthus	525 
borealis	(Cerianthidae)	is	sister	to	a	clade	that	contains	Botruanthus	benedeni	526 
(Botrucnidiferidae)	and	Ceriantheomorphe	brasiliensis	(Cerianthidae).	We	also	find	the	527 
genus	Isarachnanthus	non-monophylteic	as	I.	nocturnus	is	sister	to	Archnanthus	sp.	 528 
 529 
Our	constrained	18S	tree	presents	further	conflicts	between	taxonomy	and	phylogeny.	530 
Here	the	genus	Pachycerianthus	is	non-monophyletic	as	a	clade	of	six	Pachycerianthus	531 
species	is	sister	to	the	two	Isarachnanthus	(Penicillaria)	species.	In	addition,	the	two	532 
Botrucnidiferidae	taxa	(Botruanthus	benedeni	and	Botrucnidifer	sp.)	and	the	genus	533 
Cerianthus	are	non-monophyletic.	These	problems	echo	results	of	previous	molecular	534 
phylogenetic	relationships	among	Ceriantharia,	which	generally	find	conflict	between	535 
taxonomic	groups	and	phylogenetic	results	(e.g.,	Stampar,	et	al.	2012;	Stampar,	et	al.	536 
2014;	Forero	Mejia,	et	al.	2020).	The	disconnect	between	taxonomy	and	phylogeny	537 
in	both	the	phylogenomic	and	18S	data	are	paralleled	in	recent	discoveries	of	significant	538 
plasticity	in	morphology	within	the	life	history	of	a	species	and	persistent	taxonomic	539 
confusion,	even	at	a	narrow	geographic	scale	(reviewed	in	Stampar,	et	al.	2016). 540 
		 541 
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	Actiniaria 542 
Our	study	introduces	18	new	actiniarian	transcriptomes.	Although	we	found	monophyly	543 
for	Actiniaria	as	a	whole,	internal	relationships	differed	significantly	from	previous	544 
studies.	For	example,	in	our	18S	tree,	Enthemonae	and	Anenthemonae	are	non-545 
monophyletic,	in	contrast	to	previous	studies	(Rodríguez,	et	al.	2014;	Gusmão,	et	al.	546 
2020),	with	the	difference	stemming	from	the	placement	of	the	actinostolideans	547 
Hormosoma	and	Anthosactis	and	the	actinernoideans	Actinernus,	Isactinernus,	and	548 
Synactinernus	at	the	base	of	the	actiniarian	tree	rather	than	within	Enthemonae	and	549 
Anenthemonae,	respectively.	This	novel	topology	recalls	historical	groupings	of	these	550 
taxa	within	“Mesomyaria,”	(see	Carlgren	1949;	Rodríguez,	et	al.	2014)	and	if	confirmed,	551 
would	significantly	change	the	inferred	history	and	homology	of	marginal	musculature	552 
in	Actiniaria.	Based	on	the	18S	tree,	the	marginal	sphincter	would	be	inferred	to	be	553 
present	and	mesogleal	at	the	root	of	Actiniaria,	with	subsequent	losses	and	multiple	554 
shifts	to	become	concentrated	and	embedded	in	the	endoderm.	Internal	relationships	in	555 
Anenthemonae	are	unconventional,	including	a	non-monophyletic	Actinioidea	and	556 
Metridiodea.	The	phylogenomic	results	are	less	controversial,	finding	monophyly	for	557 
Anenthemonae,	Enthemonae,	Actinioidea,	and	Metridioidea.	However,	the	558 
phylogenomic	data	lacks	mesomyarian	taxa,	which	typically	branch	near	the	base	of	the	559 
actiniarian	tree.	Furthermore,	the	taxon	sampling	in	the	phylogenomic	dataset	is	almost	560 
an	order	of	magnitude	lower	for	Actinoidea	and	Metridioidea	than	that	of	the	18S	tree.		 561 
	 562 
Scleractinia	and	Corallimorpharia	 563 
Reconciling	molecular	phylogeny	with	morphology	in	Scleractinia	has	been	a	long	term,	564 
persistent,	and	challenging	task	(McMillan,	et	al.	1991;	Fukami,	et	al.	2004;	Fukami,	et	565 
al.	2008;	Kitahara,	et	al.	2010),	with	Huang	et	al.	(2011)	coining	the	tongue-in-cheek	566 
term	“Bigmessidae”	to	describe	this	group.	Some	of	the	earliest	molecular	phylogenies	567 
based	on	mitochondrial	rRNA	genes	resulted	in	two	major	scleractinian	groups	that	568 
conflict	with	morphologically	defined	subordinal	classifications	(McMillan,	et	al.	1991;	569 
Romano	and	Palumbi	1996,	1997;	Romano	and	Cairns	2000;	Chen,	et	al.	2002).	One	570 
group,	called	the	robust	corals,	contains	platelike	and	massive	taxa	with	thick,	heavily	571 
calcified	skeletons.	The	second	group,	called	the	complex	corals,	contains	corals	with	572 
more	porous,	less	calcified	skeletal	walls.	We	recovered	these	robust	and	complex	573 
groups	(Fig.	2,	S2-4)	as	have	recent	multilocus	studies	(e.g.,	Lin,	et	al.	2016).	An	574 
important	area	of	future	research	attention	is	the	position	of	deep-sea	aposymbiotic	575 
taxa,	which	fall	out	as	the	earliest	branching	scleractinians	in	studies	based	on	576 
mitogenomes	and	rRNA	(Barbeitos,	et	al.	2010;	Kitahara,	et	al.	2010;	Stolarski,	et	al.	577 
2011;	Seiblitz,	et	al.	2020),	but	have	been	absent	or	underrepresented	in	recent	578 
phylogenomic	studies.	579 
 580 
Introducing	Coralliforminae	(Corallimorpharia	+	Scleractinia)	581 
Using	whole	mitochondrial	genomes,	Medina	et	al.	(2006)	found	Corallimorpharia	sister	582 
to	the	complex	corals,	rendering	Scleractinia	non-monophyletic.	Based	on	these	583 
relationships,	Medina	et	al.	(2006)	resurfaced	the	“naked	coral	hypothesis,”	suggesting	584 
the	soft-bodied	corallimorpharians	evolved	from	a	scleractinian	ancestor	and	585 
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subsequently	lost	the	stony	skeleton	trait	during	historical	periods	of	increased	CO2	586 
concentrations	in	the	marine	environment.	Subsequent	studies	using	a	range	of	loci	587 
(nuclear	rRNA:	Fukami,	et	al.	(2008);	whole	mitochondrial	genomes:	Kayal,	et	al.	(2013);	588 
Lin,	et	al.	(2014);	Seiblitz,	et	al.	(2020);	nuclear	protein	coding:	Lin,	et	al.	(2016);	Kayal,	et	589 
al.	(2018);	UCEs:	Quattrini,	et	al.	(2018);	Quattrini,	et	al.	(2020))	have	found	Scleractinia	590 
to	be	monophyletic.	Like	these	studies,	we	recovered	a	monophyletic	Scleractinia	across	591 
all	four	phylogenetic	analyses	(Fig.	2,	S2-4),	demonstrating	this	relationship	is	robust	to	592 
model	choice	and	refuting	the	naked	coral	topology,	which	was	likely	a	result	of	593 
saturation	in	the	mitochondrial	protein	sequences,	long-branch	attraction,	and/or	594 
model	violations	(Kitahara,	et	al.	2014).	We	propose	the	name	Coralliformes	to	595 
represent	the	clade	that	unites	Corallimorpharia	and	Scleractinia. 596 
				 597 
Octocorallia 598 
In	all	four	of	our	phylogenetic	analyses,	we	found	Octocorallia	sister	to	Hexacorallia	(Fig.	599 
2,	S2-4),	as	have	recent	phylogenomic	studies	(Quattrini,	et	al.	2018;	Quattrini,	et	al.	600 
2020),	demonstrating	the	stable	position	of	octocorals	in	the	cnidarian	tree.	However,	601 
ordinal	and	familial-level	taxonomy	has	been,	and	continues	to	be,	uncertain	(reviewed	602 
in	McFadden,	et	al.	2021).	Recently,	Quattrini	et	al.	(2018;	2020)	made	major	strides	in	603 
octocoral	phylogenomics,	increasing	the	number	of	taxa	(94	Alcyonacea,	2	Heliporacea,	604 
7	Pennatulcea)	and	loci	(933	UCE	loci,	278,819bp).	Nevertheless,	some	discrepancies	605 
between	taxonomy	and	molecular	phylogeny	remain.	For	example,	while	Helioporacea	606 
and	Pennatulacea	were	monophyletic,	each	was	nested	within	Alcyonacea	(Quattrini,	et	607 
al.	2020).	Lower-level	taxonomy	in	octocorals	also	remains	unresolved.	In	our	608 
transcriptomic	tree,	we	find	the	genus	Leptogorgia	non-monophyletic	and	the	suborder	609 
Alcyoniina	non-monophyletic	as	Nephthyigorgia	is	sister	to	clade	of	Holaxonia,	although	610 
this	relationship	may	be	unreliable	because	Nephthyigorgia	has	very	low	matrix	611 
occupancy	(30%,	Table	S2).	Future	studies	would	benefit	from	increased	evenness	in	612 
taxonomic	sampling.	For	example,	Alcyonacea	is	overrepresented	in	recent	613 
phylogenomic	studies	(Quattrini,	et	al.	2020).	Here,	we	have	only	one	representative	of	614 
Pennatulacea	(Renilla	reniformis)	and	had	to	remove	the	only	representative	of	615 
Helioporacea	(Heliopora	coerulea)	due	to	high	numbers	of	transcript	copies	and/or	616 
paralogs	(Table	S2).	In	light	of	the	extensive	UCE-based	phylogeny	(Quattrini,	et	al.	2018;	617 
Quattrini,	et	al.	2020)	and	the	long-realized	unreliability	of	18S	for	constructing	618 
octocoral	relationships	due	to	its	lack	of	sufficient	variation	among	octocoral	taxa	619 
(McFadden,	et	al.	2010),	we	do	not	go	into	extensive	details	of	the	octocoral	620 
relationships	in	our	18S	tree. 621 
 622 
Endocnidozoa 623 
We	find	support	for	Endocnidozoa,	recovering	Myxozoa	sister	to	Polypodiozoa	(Fig.	2,	624 
S2-4),	concordant	with	Chang	et	al.	(2015)	and	Kayal	et	al.	(2018).	Endocnidozoa	is	625 
another	group	that	would	benefit	from	improved	taxon	sampling	in	cnidarian	626 
phylogenetic	studies.	Here,	we	included	data	for	the	same	five	species	included	in	Kayal	627 
et	al.	(2018)	with	low	matrix	occupancy	(5-35%,	Table	S2).	Chang	et	al.	(2015)	included	628 
data	for	8	species	in	a	study	specifically	designed	to	test	the	placement	of	this	group	629 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


within	Cnidaria.	Neither	Zapata	et	al.	(2015)	nor	Quattrini	et	al.	(2020)	included	630 
endocnidozoan	taxa.	Across	our	four	analyses,	we	found	two	topologies,	both	with	631 
paraphyletic	Myxobolus.	In	the	site-heterogeneous	unpartitioned	analyses,	632 
Thelohanellus	kitauei	and	M.	cerebralis	formed	a	clade	(Fig.	S3)	and	in	all	other	analyses,	633 
T.	kitauei	formed	a	clade	with	M.	pendula	(Fig.	2,	S2,	S4). 634 
 635 
Despite	variation	in	the	relationships	within	Myxozoa,	we	found	support	for	the	larger	636 
clade,	recovering	Myxozoa	sister	to	Polypodiozoa	across	all	four	analyses	(Fig.	2,	S2-4),	637 
concordant	with	Chang	et	al.	(2015)	and	Kayal	et	al.	(2018).	Another	relationship	638 
consistent	in	past	studies	(Chang	et	al.	2015,	Kayal	et	al.	2018)	and	in	all	four	analyses	639 
performed	here	is	the	sister	relationship	of	Endocnidozoa	and	Medusozoa	(Fig.	2,	S2-4,	640 
and	see	next	section).					 641 
																																															 642 
Introducing	Operculozoa	(Medusozoa	+	Endocnidozoa)	643 
As	stated	above,	a	relationship	consistent	in	past	studies	(Chang	et	al.	2015,	Kayal	et	al.	644 
2018)	and	in	all	four	analyses	performed	here	is	the	sister	relationship	of	Endocnidozoa	645 
and	Medusozoa	(Fig.	2,	S2-4).	Based	on	these	results,	and	noting	that	nematocysts	of	646 
Medusozoa	and	Polypodiozoa	(see	Raikova	and	Raikova	2016)	and	polar	capsules	of	647 
Myxozoa	all	possess	an	operculum	(Reft	and	Daly	2012),	we	propose	the	name	648 
Operculozoa	for	the	clade	uniting	Endocnidozoa	and	Medusozoa. 649 
	 650 
Medusozoa 651 
Whereas	our	study	has	served	to	solidify	relationships	within	Anthozoa,	our	results	652 
highlight	the	need	for	more	taxon	sampling	within	Medusozoa.	Relationships	of	the	653 
major	medusozoan	lineages	have	been	increasingly	refined	in	recent	decades	(Bridge,	et	654 
al.	1995;	Kim,	et	al.	1999;	Collins	2002;	Marques	and	Collins	2004;	Collins,	Bentlage,	et	655 
al.	2006;	Kayal,	et	al.	2015),	with	an	emerging	consensus	that	Medusozoa	consists	of	656 
two	major	lineages,	Acraspeda	and	Hydrozoa	(Kayal	et	al.	2018).	In	our	analyses	that	657 
employed	20-states	empirical	amino	acid	substitution	matrices	(i	&	ii),	we	recovered	a	658 
monophyletic	Acraspeda	with	Staurozoa	as	sister	to	the	clade	containing	Scyphozoa	and	659 
Cubozoa,	matching	the	relationships	found	by	four	recent	studies	(Chang	et	al.	2015,	660 
Zapata	et	al.	2015,	Kayal	2018,	Quattrini	et	al.	2020).	However,	we	recovered	an	661 
intriguing,	albeit	weakly	supported,	finding	when	applying	a	site-heterogeneous	model,	662 
in	which	Hydrozoa	and	Staurozoa	formed	a	clade	sister	to	a	clade	containing	Scyphozoa	663 
and	Cubozoa	(Fig.	S1,	S3,	S4),	a	result	also	recovered	by	Miranda	et	al.	(2016)	analyzing	664 
concatenated	mitochondrial	(COI,	16S)	and	nuclear	(ITS,	18S,	28S)	loci	under	a	Bayesian	665 
framework.	None	of	our	results	corroborate	the	ribosomal	RNA-based	hypothesis	that	666 
Staurozoa	is	sister	to	the	remaining	medusozoans	(Collins,	Schuchert,	et	al.	2006;	667 
Picciani,	et	al.	2018).	668 
 669 
Site-heterogeneous	models	that	partition	data	at	the	level	of	sites	(as	opposed	to	at	the	670 
level	of	genes)	have	been	suggested	to	alleviate	problems	of	long-branch	attraction	671 
(Lartillot	and	Philippe	2004;	Le	and	Gascuel	2008).	It	is	possible	that	our	recovery	of	a	672 
non-monophyletic	Acraspeda	was	due	to	applying	a	site-heterogeneous	approach.	673 
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However,	Kayal	et	al.	(2018)	applied	the	site-heterogeneous	CAT	model	in	PhyloBayes	674 
(Lartillot,	et	al.	2009)	using	largely	the	same	medusozoan	taxa	as	we	used	here	and	675 
recovered	a	monophyletic	Acraspeda.	These	conflicting	relationships	within	Medusozoa	676 
may	be	a	result	of	a	number	of	factors	including:	(1)	increased	anthozoan	sampling	in	677 
our	study,	(2)	increased	gene	sampling	in	our	study,	or	(3)	differences	between	the	C60	678 
model	implemented	in	IQ-TREE	and	the	CAT	model	implemented	in	PhyloBayes.	679 
Nevertheless,	taxon	sampling	within	Medusozoa	is	poor	in	all	phylogenomic	analyses	to	680 
date	and	a	true	understanding	of	medusozoan	relationships	will	require	substantial	681 
increase	in	data	from	this	group	(Fig.	1).	 682 
	 683 
Cubozoa 684 
In	addition	to	conflicting	relationships	between	the	major	medusozoan	lineages,	we	also	685 
find	unstable	relationships	within	Cubozoa	across	our	analyses.	We	included	three	686 
cubozoans	in	our	analyses:	Chironex	fleckeri,	Tripedalia	cystophora,	and	Alatina	alata.	In	687 
our	untrimmed	site-homogeneous	analysis,	we	recovered	Tripedalia	cystophora	as	sister	688 
to	a	clade	containing	Chironex	fleckeri	and	Alatina	alata	(Fig.	2).	We	also	recovered	this	689 
relationship	in	our	18S	phylogeny,	which	did	not	constrain	relationships	within	Cubozoa.	690 
These	results	conflict	with	the	rest	of	our	analyses	as	well	as	with	Bentlage,	et	al.	(2010)	691 
and	Kayal	et	al.	(2018),	which	recovered	C.	fleckeri	(Chirodropidae)	as	sister	to	a	clade	692 
containing	A.	alata	(Alatinidae)	and	T.	cystophora	(Tripedaliidae).	This	inconsistency	is	693 
almost	certainly	due	to	the	poor	taxon	sampling	(3	of	48	described	species	represented)	694 
and	low	data	matrix	occupancy	(4-46%,	Table	S2)	of	Cubozoa	in	our	analyses	(Fig.	S2–S4)	695 
and	Kayal	et	al.	(2018).	 696 
	 697 
Staurozoa 698 
The	phylogenetic	placement	of	staurozoans	has	been	recalcitrant	(Fig.	S1).	Historically,	699 
these	so-called	stalked	jellyfish	were	considered	scyphozoans	until	Marques	and	Collins	700 
(2004)	elevated	the	group	to	the	class	level	(Miranda,	et	al.	2010).	Despite	the	variable	701 
position	of	Staurozoa	in	our	phylogenies	(see	above),	the	relationships	within	the	clade	702 
were	constant	and	matched	those	of	Kayal	et	al.	(2018),	the	source	of	the	703 
transcriptomic	data	analyzed	here.	The	relationships	among	the	genera	sampled	here	704 
were	discordant	with	those	inferred	by	Miranda	et	al.	(2016),	which	to	date	has	the	best	705 
taxon	sampling	for	Staurozoa,	based	on	a	concatenated	matrix	of	mitochondrial	(COI,	706 
16S)	and	nuclear	genes	(ITS,	18S,	28S)	under	parsimony,	maximum	likelihood,	and	707 
Bayesian	analyses.			 708 
 709 
Within	Staurozoa,	transcriptome-based	analysis	suggests	Myostaurida	gave	rise	to	710 
Amyostaurida.	This	result	would	suggest	that	muscles	in	the	stalks	have	been	lost	in	711 
Amyostaurida	(also	suggested	in	Miranda,	Collins,	et	al.	2016;	Miranda,	Hirano,	et	al.	712 
2016;	Miranda,	et	al.	2018)	because	scyphozoan	polyps	possess	these	muscles.	713 
However,	the	constrained	18S	tree	paints	a	more	complicated	picture,	as	most	members	714 
of	Amyostaurida	diverge	near	the	base	of	the	clade	and	representatives	of	Myostaurida	715 
are	split	into	two	separate	clades	(Fig.	3).	 716 
	 717 
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Scyphozoa	 718 
Relationships	within	Scyphozoa	are	consistent	and	highly	supported	across	all	our	719 
phylogenies	(Fig.	2,	S2-4)	and	agree	with	prior	studies	that	found	Discomedusae	sister	to	720 
Coronatae	((Bayha,	et	al.	2010;	Bayha,	et	al.	2017).	Despite	removing	Periphylla	721 
periphylla	due	to	high	numbers	of	transcript	copies	and/or	paralogs	(Table	S2),	we	722 
recovered	the	same	relationships	among	the	remaining	6	scyphozoan	species	as	Kayal	et	723 
al.	(2018),	the	source	of	the	transcriptomic	data	analyzed	here.	Interestingly,	despite	724 
frequent	topological	discordance	between	nuclear	and	mitochondrial	phylogenies,	we	725 
find	the	same	phylogenetic	relationships	(a	clade	containing	Cyanea	and	Chrysaora	726 
sister	to	a	clade	containing	Aurelia	and	Cassiopea)	as	Kayal	et	al.	(2013),	who	inferred	727 
phylogenies	using	mitogenomes,	and	Daglio	and	Dawson	(2017)	who	used	728 
mitochondrial	and	nuclear	ribosomal	genes	(16S,	18S,	28S).	Comparisons	to	other	recent	729 
phylogenomic	studies	are	limited	due	to	low	taxon	sampling	in	this	group	(Zapata	et	al.	730 
2015,	2	scyphozoans;	Quattrini	et	al.	2020,	1	scyphozoan).	 731 
	 732 
Hydrozoa 733 
The	transcriptomic	phylogeny	(Fig.	2)	recovered	Hydrozoa	split	into	Trachylina	and	734 
Hydroidolina,	in	agreement	with	analyses	of	other	previous	studies	(Collins,	et	al.	2008;	735 
Zapata,	et	al.	2015;	Kayal,	et	al.	2018;	Picciani,	et	al.	2018;	Bentlage	and	Collins	2021),	736 
although	the	18S	topology	recovered	the	trachyline	Halammohydra	as	falling	outside	of	737 
these	two	clades,	rendering	Trachylina	paraphyletic.	The	18S	topology	fails	to	recover	738 
the	monophyly	of	and	relationships	among	many	well-established	taxa.	For	example,	739 
the	18S	topology	includes	part	of	a	grade	of	Limnomedusae	(including	Geryonidae)	plus	740 
Actinulida	as	sister	to	the	remainder	of	Hydrozoa,	rendering	Trachylina	paraphyletic	741 
while	Narcomedusae	was	monophyletic,	derived	from	within	the	grade	of	742 
Trachymedusae,	which	is	congruent	with	previous	studies	(Collins,	et	al.	2008;	Bentlage,	743 
et	al.	2018)	(including	Actinulida).	Within	Hydroidolina,	two	distinctive	clades	744 
(Siphonophorae	and	Leptothecata)	were	monophyletic,	but	Aplanulata,	Capitata	and	745 
Filifera	were	not.	The	latter	was	as	expected	given	that	earlier	studies	established	746 
Filifera	as	paraphyletic	(e.g.,	Cartwright,	et	al.	2008;	Bentlage	and	Collins	2021).	The	high	747 
degree	of	conservation	of	18S	and	resulting	lack	of	resolution	from	18S	has	hampered	748 
inferences	of	hydrozoan	relationships	previously,	an	issue	that	has	been	partially	749 
overcome	by	using	additional	markers	such	as	16S	and	28S	(Collins,	Bentlage,	et	al.	750 
2006;	Cartwright,	et	al.	2008;	Collins,	et	al.	2008)	and	most	recently	target	capture	data	751 
(Bentlage	and	Collins	2021).	752 
	 753 
While	the	18S	topology	failed	to	recover	monophyly	of	most	of	the	traditionally	754 
recognized	groups	within	Hydrozoa	(Fig.	3),	the	transcriptomic	phylogeny	(Fig.	2)	was	755 
consistent	with	many	previous	studies.	Within	Hydroidolina,	Aplanulata	(Ectopleura	and	756 
Hydra)	is	shown	to	be	the	sister	to	the	rest	of	Hydroidolina,	consistent	with	previous	757 
phylogenomic	studies	(Bentlage	and	Colllins	2021;	Zapata	et	al.,	2015,	Kayal	et	al.,	758 
2018).	In	addition,	Filifera	III	and	IV	(Hydractinia,	Podocoryne,	Turritopsis)	were	759 
recovered	as	monophyletic	(Fig.	2),	consistent	with	Bentlage	and	Collins	(2021),	760 
Cartwright	et	al.	(2008),	Kayal	et	al.,	(2018)	and	Zapata	et	al.,	(2015).	Sampling	of	761 
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genomic	data	has	been	particularly	sparse	for	Leptothecata,	the	most	species	rich	of	all	762 
roughly	ordinal-level	medusozoan	clades	(just	one	of	2,140	leptothecate	species	763 
sampled	herein)	and	Filifera	I	and	II,	which	are	not	represented	in	the	genomic	data	764 
analyzed	herein.	Bentlage	and	Collins	(2021)	filled	some	of	these	gaps	with	target	765 
capture	data	but	more	sampling	will	be	necessary	to	settle	some	of	the	long-standing	766 
debates	in	hydrozoan	systematics.	The	sparse	taxonomic	representation	of	hydrozoans,	767 
and	resulting	small	backbone	may	at	least	partially	explain	the	lack	of	resolution	of	the	768 
18S	phylogeny	for	Hydrozoa.	 769 
	 770 
Future	of	phylogenomics	for	cnidarians	and	all	other	organisms 771 
One	critical	need	for	future	studies	is	to	improve	taxon	sampling	across	the	cnidarian	772 
tree.	Currently,	we	have	just	scratched	the	surface	of	capturing	the	species	richness	of	773 
Cnidaria	in	our	phylogenomic	analyses	(Fig.	1A).	Of	the	12,000	plus	cnidarian	species	774 
known,	the	largest	phylogenomic	study	to	date	(Quattrini	et	al.	2020)	includes	just	2%	of	775 
cnidarian	species	richness	and	our	18S	hybrid	phylogeny	includes	less	than	15%	(Fig.	776 
1A).	Recent	studies	have	dramatically	improved	the	representation	of	certain	clades,	for	777 
example	Anthozoa	and	Octocorallia	(Quattrini	et	al.	2017,	2020),	and	Actinaria	(this	778 
study),	while	other	clades	like	Medusoza	have	lagged	(Fig.	1B),	particularly	from	the	779 
species-rich	hydrozoan	clade	Leptothecata.	Cubozoans	also	have	been	poorly	780 
represented	(Fig.	1b,	Chang	et	al.	2015	Tripedalia	cystophora	only,	Zapata	et	al.	2015	781 
Alatina	alata	only,	Stampar	et	al.	2019	Alatina	moseri	only,	Quattrini	et	al.	2020	Alatina	782 
alata	only),	making	relationships	within	the	clade	difficult	to	resolve	with	confidence.	783 
Zoantharia,	Endocnidozoa,	Antipatharia,	and	Ceriantharia	are	other	groups	that	have	784 
historically	been	underrepresented	in	phylogenomic	studies	(Fig.	1B).	Furthermore,	785 
sampling	bias	due	to	uneven	geographic	accessibility	presents	a	major	challenge	in	786 
building	a	"complete"	tree	of	Cnidaria. 787 
 788 
The	18S	phylogeny	we	estimated	employed	a	hybrid	approach	leveraging	the	strength	of	789 
the	multi-locus	phylogenomic	backbone	and	the	vast	number	of	18S	sequences	publicly	790 
available.	This	method	is	useful	for	identifying	areas	where	taxonomy	can	be	improved,	791 
although	instances	of	contamination	and	misidentification	in	large	databases	like	792 
GenBank	can	produce	spurious	results	in	phylogenetic	trees.	In	some	cases,	the	793 
topology	based	on	18S	was	unconventional,	differing	from	results	seen	in	focused	794 
analysis	of	this	marker.	This	may	reflect	differences	in	alignment	and	models	in	a	795 
phylum-scale	data	set	and	highlight	areas	of	the	tree	where	molecular	evolution	differs	796 
from	that	of	the	clade	as	a	whole.		Our	backbone	phylogeny,	estimated	from	orthologs	797 
mined	from	transcriptomes	and	gene	models,	corroborates	relationships	recovered	in	798 
recent	UCE	phylogenies. 799 
 800 
Target	capture	approaches	like	UCEs	are	likely	the	way	forward	in	phylogenomic	studies	801 
in	cnidarians	and	other	taxa,	given	their	cost	effectiveness,	coverage,	and	flexibility,	802 
particularly	in	that	they	can	be	used	on	older	and/or	less	optimally	preserved	specimens	803 
(McCormack,	et	al.	2016;	Ruane	and	Austin	2017;	Derkarabetian,	et	al.	2019).	Target	804 
capture	approaches	also	reduce	problems	with	multiple	transcript	isoforms	and	805 
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paralogous	loci,	which	we	encountered	mining	transcriptomes	for	phylogenetic	markers.	806 
Generating	genome	and	transcriptome	sequences	will	remain	important	however,	since	807 
these	data	aid	in	the	design	of	target	capture	probe	sets	(e.g.,	Quattrini,	et	al.	2018)	and	808 
are	required	for	other	analyses	(e.g.,	selection,	structural	variants,	gene	family	809 
evolution,	among	others). 810 
 811 
Conclusions 812 
The	goal	of	generating	a	cnidarian	tree	that	includes	nearly	every	species	increasingly	813 
seems	like	a	reality	that	will	happen	within	the	next	10	or	20	years.	Nevertheless,	814 
generating	trees	(i.e.,	hypotheses	of	relationships)	that	encompass	as	many	species	as	815 
possible	is	critical	for	moving	the	field	of	cnidarian	systematics	and	supplying	cnidarian	816 
researchers	with	a	framework	from	which	to	interpret	evolutionary	patterns.	Our	817 
transcriptome-based	phylogenies	confirm	backbone	relationships	resolved	in	recent	818 
studies	using	target	capture,	which	is	a	promising	approach	for	reaching	the	goal	of	total	819 
taxon	sampling.	Until	we	reach	that	goal,	our	18S	hybrid	phylogeny	increases	taxon	820 
sampling	to	almost	15%	of	the	total	cnidarian	species	richness,	providing	a	roadmap	for	821 
taxonomy	and	trait	evolution. 822 
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Figure	S1.	Cladograms	representing	the	historical	phylogenetic	relationships	found	856 
within	Medusozoa		857 
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 862 
Figure	S2.	Maximum-likelihood	phylogeny	of	cnidarian	estimated	from	a	concatenated	863 
matrix	of	748	trimmed	ortholog	alignments	generated	partition-specific	models.	864 
Bootstrap	values	are	indicated	at	nodes	with	less	than	100%	support.	865 
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 873 
Figure	S3.	Maximum-likelihood	phylogeny	of	cnidarians	estimated	from	a	concatenated	874 
matrix	of	748	untrimmed	ortholog	alignments	under	the	C60	model	of	amino	acid	875 
substitution.	Bootstrap	values	are	indicated	at	nodes	with	less	than	100%	support.	876 
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 877 
Figure	S4.	Maximum-likelihood	phylogeny	of	cnidarians	estimated	from	a	concatenated	878 
matrix	of	748	untrimmed	ortholog	alignments	under	the	C60	model	of	amino	acid	879 
substitution	applied	to	a	partitioned	matrix.	Bootstrap	values	are	indicated	at	nodes	880 
with	less	than	100%	support.	881 
 882 
	883 

0.6

99

99

99

94

99

87

69

Ctenactis echinata

Ricordea yuma

Lobactis scutaria

Rhodactis indosinensis

Acropora digitifera
Porites astreoides

Pocillopora damicornis

Montastraea cavernosa

Seriatopora hystrix
Corynactis australis

Platygyra carnosa

Madracis auretenra

Favia lizardensis

Diadumene leucolena

Lebrunia neglecta

Bartholomea annulata
Hormathia digitata

Calliactis polypus

Bunodeopsis antilliensis

Haloclava producta

Diadumene lineata

Triactis producta

Bunodosoma cavernatum

Actinia equina

Anthopleura elegantissima
Anemonia sulcata

Exaiptasia diaphana

Metridium senile

Cylista elegans

Andvakia discipulorum

Megalactis griffithsi

Arachnanthus sp.

Macrodactyla doreensis
Condylactis gigantea

Nematostella vectensis
Edwardsiella lineata

Isarachnanthus nocturnus

Epiactis prolifera

Palythoa variabilis

Botruanthus mexicanus

Entacmaea quadricolor

Isarachnanthus maderensis

Ceriantheomorphe brasiliensis

Pachycerianthus maua

Bolocera tuediae

Leptogorgia sp.

Plexaura homomalla

Eunicella cavolini

Polypodium hydriforme

Corallium rubrum

Leptogorgia sarmentosa

Tubipora musica

Eunicea tourneforti

Eunicella verrucosa

Sinularia cruciata

Gorgonia ventalina

Nephthyigorgia sp.
Eleutherobia rubra

Eunicea flexuosa

Thelohanellus kitauei
Myxobolus pendula

Kudoa iwatai

Myxobolus cerebralis

Hydractinia polyclina

Clytia hemisphaerica
Turritopsis sp.

Abylopsis tetragona

Nanomia bijuga

Podocoryna carnea
Hydractinia symbiolongicarpus

Haliclystus sanjuanensis

Craspedacusta sowerbyi

Physalia physalis

Agalma elegans

Hydra viridissima

Craseoa lathetica

Ectopleura larynx

Aegina citrea

Hydra oligactis

Craterolophus convolvulus

Haliclystus auricula

Hydra vulgaris

Aurelia aurita

Chrysaora fuscescens

Stomolophus meleagris

Lucernaria quadricornis
Calvadosia cruxmelitensis

Tripedalia cystophora

Cyanea capillata

Alatina alata

Atolla vanhoeffeni
Chironex fleckeri

Cassiopea sp.

Renilla reniformis

Ceriantheopsis americana

Pachycerianthus borealis
Pachycerianthus borealis

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


References	884 
Appeltans	W,	Ahyong	ST,	Anderson	G,	Angel	MV,	Artois	T,	Bailly	N,	Bamber	R,	Barber	A,	885 
Bartsch	I,	Berta	A.	2012.	The	magnitude	of	global	marine	species	diversity.	Current	886 
Biology	22:2189-2202.	887 
	888 
Arrigoni	R,	Stefani	F,	Pichon	M,	Galli	P,	Benzoni	F.	2012.	Molecular	phylogeny	of	the	889 
robust	clade	(Faviidae,	Mussidae,	Merulinidae,	and	Pectiniidae):	an	Indian	Ocean	890 
perspective.	Molecular	Phylogenetics	and	Evolution	65:183-193.	891 
	892 
Babonis	LS,	Martindale	MQ,	Ryan	JF.	2016.	Do	novel	genes	drive	morphological	novelty?	893 
An	investigation	of	the	nematosomes	in	the	sea	anemone	Nematostella	vectensis.	BMC	894 
Evolutionary	Biology	16:1-22.	895 
	896 
Barbeitos	MS,	Romano	SL,	Lasker	HR.	2010.	Repeated	loss	of	coloniality	and	symbiosis	in	897 
scleractinian	corals.	Proceedings	of	the	National	Academy	of	Sciences	107:11877-11882.	898 
	899 
Barrett	NJ,	Hogan	RI,	Allcock	AL,	Molodtsova	T,	Hopkins	K,	Wheeler	AJ,	Yesson	C.	2020.	900 
Phylogenetics	and	mitogenome	organisation	in	black	corals	(Anthozoa:	Hexacorallia:	901 
Antipatharia):	an	order-wide	survey	inferred	from	complete	mitochondrial	genomes.	902 
Frontiers	in	Marine	Science	7:440.	903 
	904 
Bartošová	P,	Fiala	I.	2011.	Molecular	evidence	for	the	existence	of	cryptic	species	905 
assemblages	of	several	myxosporeans	(Myxozoa).	Parasitology	Research	108:573-583.	906 
	907 
Bayha	KM,	Collins	AG,	Gaffney	PM.	2017.	Multigene	phylogeny	of	the	scyphozoan	908 
jellyfish	family	Pelagiidae	reveals	that	the	common	US	Atlantic	sea	nettle	comprises	two	909 
distinct	species	(Chrysaora	quinquecirrha	and	C.	chesapeakei).	PeerJ	5:e3863.	910 
	911 
Bayha	KM,	Dawson	MN,	Collins	AG,	Barbeitos	MS,	Haddock	SH.	2010.	Evolutionary	912 
relationships	among	scyphozoan	jellyfish	families	based	on	complete	taxon	sampling	913 
and	phylogenetic	analyses	of	18S	and	28S	ribosomal	DNA.	In:	Oxford	University	Press.	914 
	915 
Bebenek	IG,	Gates	RD,	Morris	J,	Hartenstein	V,	Jacobs	DK.	2004.	sine	oculis	in	basal	916 
Metazoa.	Development	Genes	and	Evolution	214:342-351.	917 
	918 
Bellwood	DR,	Hughes	TP,	Folke	C,	Nyström	M.	2004.	Confronting	the	coral	reef	crisis.	919 
Nature	429:827-833.	920 
	921 
Bentlage	B,	Cartwright	P,	Yanagihara	AA,	Lewis	C,	Richards	GS,	Collins	AG.	2010.	922 
Evolution	of	box	jellyfish	(Cnidaria:	Cubozoa),	a	group	of	highly	toxic	invertebrates.	923 
Proceedings	of	the	Royal	Society	B:	Biological	Sciences	277:493-501.	924 
	925 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


Bentlage	B,	Collins	AG.	2021.	Tackling	the	phylogenetic	conundrum	of	Hydroidolina	926 
(Cnidaria:	Medusozoa:	Hydrozoa)	by	assessing	competing	tree	topologies	with	targeted	927 
high-throughput	sequencing.	PeerJ	9:e12104.	928 
	929 
Bentlage	B,	Osborn	KJ,	Lindsay	DJ,	Hopcroft	RR,	Raskoff	KA,	Collins	AG.	2018.	Loss	of	930 
metagenesis	and	evolution	of	a	parasitic	life	style	in	a	group	of	open-ocean	jellyfish.	931 
Molecular	Phylogenetics	and	Evolution	124:50-59.	932 
	933 
Berntson	EA,	France	SC,	Mullineaux	LS.	1999.	Phylogenetic	relationships	within	the	class	934 
Anthozoa	(phylum	Cnidaria)	based	on	nuclear	18S	rDNA	sequences.	Molecular	935 
Phylogenetics	and	Evolution	13:417-433.	936 
	937 
Bo	M,	Barucca	M,	Biscotti	M,	Brugler	M,	Canapa	A,	Canese	S,	Iacono	CL,	Bavestrello	G.	938 
2018.	Phylogenetic	relationships	of	Mediterranean	black	corals	(Cnidaria:	Anthozoa:	939 
Hexacorallia)	and	implications	for	classification	within	the	order	Antipatharia.	940 
Invertebrate	Systematics	32:1102-1110.	941 
	942 
WoRMS	Editorial	Board.	2022.	World	Register	of	Marine	Species.	Available	from	943 
https://www.marinespecies.org	at	VLIZ.	944 
	945 
Bradshaw	B,	Thompson	K,	Frank	U.	2015.	Distinct	mechanisms	underlie	oral	vs	aboral	946 
regeneration	in	the	cnidarian	Hydractinia	echinata.	eLife	4:e05506.	947 
	948 
Bridge	D,	Cunningham	CW,	DeSalle	R,	Buss	LW.	1995.	Class-level	relationships	in	the	949 
phylum	Cnidaria:	molecular	and	morphological	evidence.	Molecular	Biology	and	950 
Evolution	12:679-689.	951 
	952 
Brugler	MR.	2004.	The	complete	mitochondrial	DNA	sequence	of	the	black	coral	953 
Chrysopathes	formosa	(Antipatharia)	and	six	non-contiguous	mitochondrial	genes	of	the	954 
tube	anemone	Ceriantheopsis	americanus	(Ceriantharia):	implications	for	cnidarian	955 
phylogeny.	[Graduate	School	of	the	College	of	Charleston].	956 
	957 
Brugler	MR,	France	SC.	2007.	The	complete	mitochondrial	genome	of	the	black	coral	958 
Chrysopathes	formosa	(Cnidaria:	Anthozoa:	Antipatharia)	supports	classification	of	959 
antipatharians	within	the	subclass	Hexacorallia.	Molecular	Phylogenetics	and	Evolution	960 
42:776-788.	961 
	962 
Buchfink	B,	Xie	C,	Huson	DH.	2015.	Fast	and	sensitive	protein	alignment	using	963 
DIAMOND.	Nature	Methods	12:59-60.	964 
	965 
Carlgren	O.	1949.	A	survey	of	the	Ptychodactiaria,	Corallimorpharia	and	Actiniaria.	966 
Kungl.	Svenska	Vetenskapsakademiens	Handlingar:1-121.	967 
	968 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


Cartwright	P,	Evans	NM,	Dunn	CW,	Marques	AC,	Miglietta	MP,	Schuchert	P,	Collins	AG.	969 
2008.	Phylogenetics	of	Hydroidolina	(Hydrozoa:	Cnidaria).	Journal	of	the	Marine	970 
Biological	Association	of	the	United	Kingdom	88:1663-1672.	971 
	972 
Castresana	J.	2000.	Selection	of	conserved	blocks	from	multiple	alignments	for	their	use	973 
in	phylogenetic	analysis.	Molecular	Biology	and	Evolution	17:540-552.	974 
	975 
Chang	ES,	Neuhof	M,	Rubinstein	ND,	Diamant	A,	Philippe	H,	Huchon	D,	Cartwright	P.	976 
2015.	Genomic	insights	into	the	evolutionary	origin	of	Myxozoa	within	Cnidaria.	977 
Proceedings	of	the	National	Academy	of	Sciences	112:14912-14917.	978 
	979 
Chapman	JA,	Kirkness	EF,	Simakov	O,	Hampson	SE,	Mitros	T,	Weinmaier	T,	Rattei	T,	980 
Balasubramanian	PG,	Borman	J,	Busam	D.	2010.	The	dynamic	genome	of	Hydra.	Nature	981 
464:592-596.	982 
	983 
Chen	C-Y,	McKinney	SA,	Ellington	LR,	Gibson	MC.	2020.	Hedgehog	signaling	is	required	984 
for	endomesodermal	patterning	and	germ	cell	development	in	the	sea	anemone	985 
Nematostella	vectensis.	eLife	9:e54573.	986 
	987 
Chen	CA,	Wallace	CC,	Wolstenholme	J.	2002.	Analysis	of	the	mitochondrial	12S	rRNA	988 
gene	supports	a	two-clade	hypothesis	of	the	evolutionary	history	of	scleractinian	corals.	989 
Molecular	Phylogenetics	and	Evolution	23:137-149.	990 
	991 
Chera	S,	Ghila	L,	Dobretz	K,	Wenger	Y,	Bauer	C,	Buzgariu	W,	Martinou	J-C,	Galliot	B.	992 
2009.	Apoptotic	cells	provide	an	unexpected	source	of	Wnt3	signaling	to	drive	hydra	993 
head	regeneration.	Developmental	Cell	17:279-289.	994 
	995 
Collins	A,	Daly	M,	Dunn	CW.	2020.	Cnidaria	Verrill	1865.	In:	de	Queiroz	K,	Gauthier	JA,	996 
Cantino	PD,	editors.	Phylonyms:	a	companion	to	the	Phylocode.	Berkeley:	University	of	997 
California	Press.	998 
	999 
Collins	AG.	2002.	Phylogeny	of	Medusozoa	and	the	evolution	of	cnidarian	life	cycles.	1000 
Journal	of	Evolutionary	Biology	15:418-432.	1001 
	1002 
Collins	AG,	Bentlage	B,	Lindner	A,	Lindsay	D,	Haddock	SH,	Jarms	G,	Norenburg	JL,	1003 
Jankowski	T,	Cartwright	P.	2008.	Phylogenetics	of	Trachylina	(Cnidaria:	Hydrozoa)	with	1004 
new	insights	on	the	evolution	of	some	problematical	taxa.	Journal	of	the	Marine	1005 
Biological	Association	of	the	United	Kingdom	88:1673-1685.	1006 
	1007 
Collins	AG,	Bentlage	B,	Matsumoto	GI,	Haddock	SH,	Osborn	KJ,	Schierwater	B.	2006.	1008 
Solution	to	the	phylogenetic	enigma	of	Tetraplatia,	a	worm-shaped	cnidarian.	Biology	1009 
Letters	2:120-124.	1010 
	1011 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


Collins	AG,	Daly	M.	2005.	A	new	deepwater	species	of	Stauromedusae,	Lucernaria	1012 
janetae	(Cnidaria,	Staurozoa,	Lucernariidae),	and	a	preliminary	investigation	of	1013 
stauromedusan	phylogeny	based	on	nuclear	and	mitochondrial	rDNA	data.	The	1014 
Biological	Bulletin	208:221-230.	1015 
	1016 
Collins	AG,	Schuchert	P,	Marques	AC,	Jankowski	T,	Medina	M,	Schierwater	B.	2006.	1017 
Medusozoan	phylogeny	and	character	evolution	clarified	by	new	large	and	small	subunit	1018 
rDNA	data	and	an	assessment	of	the	utility	of	phylogenetic	mixture	models.	Systematic	1019 
Biology	55:97-115.	1020 
	1021 
Collins	AG,	Valentine	JW.	2001.	Defining	phyla:	evolutionary	pathways	to	metazoan	1022 
body	plans.	Evolution	&	Development	3:432-442.	1023 
	1024 
Cowman	PF,	Quattrini	AM,	Bridge	TC,	Watkins-Colwell	GJ,	Fadli	N,	Grinblat	M,	Roberts	1025 
TE,	McFadden	CS,	Miller	DJ,	Baird	AH.	2020.	An	enhanced	target-enrichment	bait	set	for	1026 
Hexacorallia	provides	phylogenomic	resolution	of	the	staghorn	corals	(Acroporidae)	and	1027 
close	relatives.	Molecular	Phylogenetics	and	Evolution	153:106944.	1028 
	1029 
Cunha	AF,	Collins	AG,	Marques	AC.	2017.	Phylogenetic	relationships	of	Proboscoida	1030 
Broch,	1910	(Cnidaria,	Hydrozoa):	are	traditional	morphological	diagnostic	characters	1031 
relevant	for	the	delimitation	of	lineages	at	the	species,	genus,	and	family	levels?	1032 
Molecular	Phylogenetics	and	Evolution	106:118-135.	1033 
	1034 
Daglio	LG,	Dawson	MN.	2017.	Species	richness	of	jellyfishes	(Scyphozoa:	Discomedusae)	1035 
in	the	Tropical	Eastern	Pacific:	missed	taxa,	molecules,	and	morphology	match	in	a	1036 
biodiversity	hotspot.	Invertebrate	Systematics	31:635-663.	1037 
	1038 
Daly	M,	Chaudhuri	A,	Gusmão	L,	Rodríguez	E.	2008.	Phylogenetic	relationships	among	1039 
sea	anemones	(Cnidaria:	Anthozoa:	Actiniaria).	Molecular	Phylogenetics	and	Evolution	1040 
48:292-301.	1041 
	1042 
Daly	M,	Crowley	L,	Larson	P,	Rodríguez	E,	Heestand	Saucier	E,	Fautin	D.	2017.	1043 
Anthopleura	and	the	phylogeny	of	Actinioidea	(Cnidaria:	Anthozoa:	Actiniaria).	1044 
Organisms	Diversity	&	Evolution	17:545-564.	1045 
	1046 
Darwin	C.	1851.	Geological	Observations	on	Coral	Reefs,	Volcanic	Islands,	and	on	South	1047 
America:	Being	the	Geology	of	the	Voyage	of	the	Beagle,	Under	the	Command	of	1048 
Captain	Fitzroy	RN,	During	the	Years	1832	to	1836:	Smith,	Elder	&	Company.	1049 
	1050 
Davidson	NM,	Hawkins	AD,	Oshlack	A.	2017.	SuperTranscripts:	a	data	driven	reference	1051 
for	analysis	and	visualisation	of	transcriptomes.	Genome	Biology	18:1-10.	1052 
	1053 
Davy	SK,	Allemand	D,	Weis	VM.	2012.	Cell	biology	of	cnidarian-dinoflagellate	symbiosis.	1054 
Microbiology	and	Molecular	Biology	Reviews	76:229-261.	1055 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


	1056 
DeBiasse	MB,	Ryan	JF.	2019.	Phylotocol:	promoting	transparency	and	overcoming	bias	in	1057 
phylogenetics.	Systematic	Biology	68:672-678.	1058 
	1059 
Derkarabetian	S,	Benavides	LR,	Giribet	G.	2019.	Sequence	capture	phylogenomics	of	1060 
historical	ethanol-preserved	museum	specimens:	Unlocking	the	rest	of	the	vault.	1061 
Molecular	Ecology	Resources	19:1531-1544.	1062 
	1063 
Dohrmann	M,	Wörheide	G.	2017.	Dating	early	animal	evolution	using	phylogenomic	1064 
data.	Scientific	Reports	7:1-6.	1065 
	1066 
Emms	DM,	Kelly	S.	2019.	OrthoFinder:	phylogenetic	orthology	inference	for	comparative	1067 
genomics.	Genome	Biology	20:1-14.	1068 
	1069 
Erwin	DH.	2015.	Early	metazoan	life:	divergence,	environment	and	ecology.	1070 
Philosophical	Transactions	of	the	Royal	Society	B:	Biological	Sciences	370:20150036.	1071 
	1072 
Evans	NM,	Holder	MT,	Barbeitos	MS,	Okamura	B,	Cartwright	P.	2010.	The	phylogenetic	1073 
position	of	Myxozoa:	exploring	conflicting	signals	in	phylogenomic	and	ribosomal	data	1074 
sets.	Molecular	Biology	and	Evolution	27:2733-2746.	1075 
	1076 
Extavour	CG,	Pang	K,	Matus	DQ,	Martindale	MQ.	2005.	Vasa	and	nanos	expression	1077 
patterns	in	a	sea	anemone	and	the	evolution	of	bilaterian	germ	cell	specification	1078 
mechanisms.	Evolution	&	Development	7:201-215.	1079 
	1080 
Forero	Mejia	AC,	Molodtsova	T,	Östman	C,	Bavestrello	G,	Rouse	GW.	2020.	Molecular	1081 
phylogeny	of	Ceriantharia	(Cnidaria:	Anthozoa)	reveals	non-monophyly	of	traditionally	1082 
accepted	families.	Zoological	Journal	of	the	Linnean	Society	190:397-416.	1083 
	1084 
Fukami	H,	Budd	AF,	Paulay	G,	Solé-Cava	A,	Allen	Chen	C,	Iwao	K,	Knowlton	N.	2004.	1085 
Conventional	taxonomy	obscures	deep	divergence	between	Pacific	and	Atlantic	corals.	1086 
Nature	427:832-835.	1087 
	1088 
Fukami	H,	Chen	CA,	Budd	AF,	Collins	A,	Wallace	C,	Chuang	Y-Y,	Chen	C,	Dai	C-F,	Iwao	K,	1089 
Sheppard	C.	2008.	Mitochondrial	and	nuclear	genes	suggest	that	stony	corals	are	1090 
monophyletic	but	most	families	of	stony	corals	are	not	(Order	Scleractinia,	Class	1091 
Anthozoa,	Phylum	Cnidaria).	PloS	One	3:e3222.	1092 
	1093 
Gahan	JM,	Bradshaw	B,	Flici	H,	Frank	U.	2016.	The	interstitial	stem	cells	in	Hydractinia	1094 
and	their	role	in	regeneration.	Current	Opinion	in	Genetics	&	Development	40:65-73.	1095 
	1096 
García-Cárdenas	FJ,	Núñez-Flores	M,	López-González	PJ.	2020.	Molecular	phylogeny	and	1097 
divergence	time	estimates	in	pennatulaceans	(Cnidaria:	Octocorallia:	Pennatulacea).	1098 
Scientia	Marina	84:317-330.	1099 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


	1100 
Gault	JA,	Bentlage	B,	Huang	D,	Kerr	AM.	2021.	Lineage-specific	variation	in	the	1101 
evolutionary	stability	of	coral	photosymbiosis.	Science	Advances	7:eabh4243.	1102 
	1103 
Geller	JB,	Walton	ED.	2001.	Breaking	up	and	getting	together:	evolution	of	symbiosis	1104 
and	cloning	by	fission	in	sea	anemones	(genus	Anthopleura).	Evolution	55:1781-1794.	1105 
	1106 
Glon	H,	Quattrini	A,	Rodríguez	E,	Titus	BM,	Daly	M.	2021.	Comparison	of	sequence-1107 
capture	and	ddRAD	approaches	in	resolving	species	and	populations	in	hexacorallian	1108 
anthozoans.	Molecular	Phylogenetics	and	Evolution	163:107233.	1109 
	1110 
Grabherr	MG,	Haas	BJ,	Yassour	M,	Levin	JZ,	Thompson	DA,	Amit	I,	Adiconis	X,	Fan	L,	1111 
Raychowdhury	R,	Zeng	Q.	2011.	Trinity:	reconstructing	a	full-length	transcriptome	1112 
without	a	genome	from	RNA-Seq	data.	Nature	Biotechnology	29:644.	1113 
	1114 
Grajales	A,	Rodríguez	E.	2016.	Elucidating	the	evolutionary	relationships	of	the	1115 
Aiptasiidae,	a	widespread	cnidarian–dinoflagellate	model	system	(Cnidaria:	Anthozoa:	1116 
Actiniaria:	Metridioidea).	Molecular	Phylogenetics	and	Evolution	94:252-263.	1117 
	1118 
Grimmelikhuijzen	CJ,	Williamson	M,	Hansen	GN.	2004.	Neuropeptides	in	cnidarians.	In.	1119 
Cell	signalling	in	prokaryotes	and	lower	Metazoa:	Springer.	p.	115-139.	1120 
	1121 
Gröger	H,	Schmid	V.	2001.	Larval	development	in	Cnidaria:	a	connection	to	Bilateria?	1122 
Genesis	29:110-114.	1123 
	1124 
Gusmão	LC,	Daly	M.	2010.	Evolution	of	sea	anemones	(Cnidaria:	Actiniaria:	1125 
Hormathiidae)	symbiotic	with	hermit	crabs.	Molecular	Phylogenetics	and	Evolution	1126 
56:868-877.	1127 
	1128 
Gusmão	LC,	Rodríguez	E.	2021.	Two	sea	anemones	(Cnidaria:	Anthozoa:	Actiniaria)	from	1129 
the	Southern	Ocean	with	evidence	of	a	deep-sea,	polar	lineage	of	burrowing	sea	1130 
anemones.	Zoological	Journal	of	the	Linnean	Society	193:1392-1415.	1131 
	1132 
Gusmão	LC,	Rodríguez	E,	Daly	M.	2019.	Description	of	Calliactis	tigris	sp.	nov.:	1133 
reconciling	taxonomy	and	phylogeny	in	hermit-crab	symbiotic	anemones	(Cnidaria:	1134 
Actiniaria:	Hormathiidae).	Organisms	Diversity	&	Evolution	19:567-583.	1135 
	1136 
Gusmão	LC,	Van	Deusen	V,	Daly	M,	Rodríguez	E.	2020.	Origin	and	evolution	of	the	1137 
symbiosis	between	sea	anemones	(Cnidaria,	Anthozoa,	Actiniaria)	and	hermit	crabs,	1138 
with	additional	notes	on	anemone-gastropod	associations.	Molecular	Phylogenetics	and	1139 
Evolution	148:106805.	1140 
	1141 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


Hamlet	C,	Miller	L.	2014.	Effects	of	grouping	behavior,	pulse	timing,	and	organism	size	1142 
on	fluid	flow	around	the	upside-down	jellyfish,	Cassiopea	xamachana.	Contemporary	1143 
Mathematics	628:173.	1144 
	1145 
Hargitt	C.	1901.	Variation	among	hydromedusae.	The	Biological	Bulletin	2:221-255.	1146 
Hargitt	CW.	1904.	The	early	development	of	Pennaria	tiarella	McCr.	Archiv	für	1147 
Entwicklungsmechanik	der	Organismen	18:453-488.	1148 
	1149 
He	S,	Grasis	JA,	Nicotra	ML,	Juliano	CE,	Schnitzler	CE.	2019.	Cnidofest	2018:	the	future	is	1150 
bright	for	cnidarian	research.	In:	BioMed	Central.	1151 
	1152 
Hellberg	ME.	2006.	No	variation	and	low	synonymous	substitution	rates	in	coral	mtDNA	1153 
despite	high	nuclear	variation.	BMC	Evolutionary	Biology	6:1-8.	1154 
	1155 
Helm	RR,	Siebert	S,	Tulin	S,	Smith	J,	Dunn	CW.	2013.	Characterization	of	differential	1156 
transcript	abundance	through	time	during	Nematostella	vectensisdevelopment.	BMC	1157 
Genomics	14:1-10.	1158 
	1159 
Hoegh-Guldberg	O.	1999.	Climate	change,	coral	bleaching	and	the	future	of	the	world's	1160 
coral	reefs.	Marine	and	Freshwater	Research	50:839-866.	1161 
	1162 
Horowitz	J,	Brugler	M,	Bridge	T,	Cowman	P.	2020.	Morphological	and	molecular	1163 
description	of	a	new	genus	and	species	of	black	coral	from	the	mesophotic	reefs	of	1164 
Papua	New	Guinea	(Cnidaria:	Anthozoa:	Hexacorallia:	Antipatharia:	Antipathidae:	1165 
Blastopathes).	Zootaxa	4821:553-569.	1166 
	1167 
Huang	D,	Licuanan	WY,	Baird	AH,	Fukami	H.	2011.	Cleaning	up	the'Bigmessidae':	1168 
Molecular	phylogeny	of	scleractinian	corals	from	Faviidae,	Merulinidae,	Pectiniidae	and	1169 
Trachyphylliidae.	BMC	Evolutionary	Biology	11:1-13.	1170 
	1171 
Huang	D,	Meier	R,	Todd	PA,	Chou	LM.	2009.	More	evidence	for	pervasive	paraphyly	in	1172 
scleractinian	corals:	systematic	study	of	Southeast	Asian	Faviidae	(Cnidaria;	Scleractinia)	1173 
based	on	molecular	and	morphological	data.	Molecular	Phylogenetics	and	Evolution	1174 
50:102-116.	1175 
	1176 
Jiménez-Guri	E,	Philippe	H,	Okamura	B,	Holland	PWH.	2007.	Buddenbrockia	is	a	1177 
cnidarian	worm.	Science	317:116-118.	1178 
	1179 
Jouiaei	M,	Yanagihara	AA,	Madio	B,	Nevalainen	TJ,	Alewood	PF,	Fry	BG.	2015.	Ancient	1180 
venom	systems:	a	review	on	cnidaria	toxins.	Toxins	7:2251-2271.	1181 
	1182 
Karadge	UB,	Gosto	M,	Nicotra	ML.	2015.	Allorecognition	proteins	in	an	invertebrate	1183 
exhibit	homophilic	interactions.	Current	Biology	25:2845-2850.	1184 
	1185 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


Katoh	K,	Standley	DM.	2013.	MAFFT	multiple	sequence	alignment	software	version	7:	1186 
improvements	in	performance	and	usability.	Molecular	Biology	and	Evolution	30:772-1187 
780.	1188 
	1189 
Kayal	E,	Bentlage	B,	Cartwright	P,	Yanagihara	AA,	Lindsay	DJ,	Hopcroft	RR,	Collins	AG.	1190 
2015.	Phylogenetic	analysis	of	higher-level	relationships	within	Hydroidolina	(Cnidaria:	1191 
Hydrozoa)	using	mitochondrial	genome	data	and	insight	into	their	mitochondrial	1192 
transcription.	PeerJ	3:e1403.	1193 
	1194 
Kayal	E,	Bentlage	B,	Sabrina	Pankey	M,	Ohdera	AH,	Medina	M,	Plachetzki	DC,	Collins	AG,	1195 
Ryan	JF.	2018.	Phylogenomics	provides	a	robust	topology	of	the	major	cnidarian	1196 
lineages	and	insights	on	the	origins	of	key	organismal	traits.	BMC	Evolutionary	Biology	1197 
18:1-18.	1198 
	1199 
Kayal	E,	Lavrov	DV.	2008.	The	mitochondrial	genome	of	Hydra	oligactis	(Cnidaria,	1200 
Hydrozoa)	sheds	new	light	on	animal	mtDNA	evolution	and	cnidarian	phylogeny.	Gene	1201 
410:177-186.	1202 
	1203 
Kayal	E,	Roure	B,	Philippe	H,	Collins	AG,	Lavrov	DV.	2013.	Cnidarian	phylogenetic	1204 
relationships	as	revealed	by	mitogenomics.	BMC	Evolutionary	Biology	13:1-18.	1205 
	1206 
Kim	J,	Kim	W,	Cunningham	CW.	1999.	A	new	perspective	on	lower	metazoan	1207 
relationships	from	18S	rDNA	sequences.	Molecular	Biology	and	Evolution	16:423-427.	1208 
	1209 
Kise	H,	Montenegro	J,	Ekins	M,	Moritaki	T,	Reimer	JD.	2019.	A	molecular	phylogeny	of	1210 
carcinoecium-forming	Epizoanthus	(Hexacorallia:	Zoantharia)	from	the	Western	Pacific	1211 
Ocean	with	descriptions	of	three	new	species.	Systematics	and	Biodiversity	17:773-786.	1212 
	1213 
Kise	H,	Moritaki	T,	Iguchi	A,	Reimer	JD.	2022.	Epizoanthidae	(Hexacorallia:	Zoantharia)	1214 
associated	with	Granulifusus	gastropods	(Neogastropoda:	Fasciolariidae)	from	the	Indo-1215 
West	Pacific.	Organisms	Diversity	&	Evolution:1-12.	1216 
	1217 
Kitahara	MV,	Cairns	SD,	Stolarski	J,	Blair	D,	Miller	DJ.	2010.	A	comprehensive	1218 
phylogenetic	analysis	of	the	Scleractinia	(Cnidaria,	Anthozoa)	based	on	mitochondrial	1219 
CO1	sequence	data.	PloS	One	5:e11490.	1220 
	1221 
Kitahara	MV,	Lin	M-F,	Foret	S,	Huttley	G,	Miller	DJ,	Chen	CA.	2014.	The	“naked	coral”	1222 
hypothesis	revisited–evidence	for	and	against	scleractinian	monophyly.	PloS	One	1223 
9:e94774.	1224 
	1225 
Klompen	AM,	Macrander	J,	Reitzel	AM,	Stampar	SN.	2020.	Transcriptomic	analysis	of	1226 
four	cerianthid	(Cnidaria,	Ceriantharia)	venoms.	Marine	Drugs	18:413.	1227 
	1228 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


Kocot	KM,	Citarella	MR,	Moroz	LL,	Halanych	KM.	2013.	PhyloTreePruner:	a	phylogenetic	1229 
tree-based	approach	for	selection	of	orthologous	sequences	for	phylogenomics.	1230 
Evolutionary	Bioinformatics	9:EBO.	S12813.	1231 
	1232 
Larson	PG,	Daly	M.	2016.	Phylogenetic	analysis	reveals	an	evolutionary	transition	from	1233 
internal	to	external	brooding	in	Epiactis	Verrill	(Cnidaria:	Anthozoa:	Actiniaria)	and	1234 
rejects	the	validity	of	the	genus	Cnidopus	Carlgren.	Molecular	Phylogenetics	and	1235 
Evolution	94:548-558.	1236 
	1237 
Lartillot	N,	Lepage	T,	Blanquart	S.	2009.	PhyloBayes	3:	a	Bayesian	software	package	for	1238 
phylogenetic	reconstruction	and	molecular	dating.	Bioinformatics	25:2286-2288.	1239 
	1240 
Lartillot	N,	Philippe	H.	2004.	A	Bayesian	mixture	model	for	across-site	heterogeneities	in	1241 
the	amino-acid	replacement	process.	Molecular	Biology	and	Evolution	21:1095-1109.	1242 
	1243 
Le	SQ,	Gascuel	O.	2008.	An	improved	general	amino	acid	replacement	matrix.	Molecular	1244 
Biology	and	Evolution	25:1307-1320.	1245 
	1246 
Leclère	L,	Horin	C,	Chevalier	S,	Lapébie	P,	Dru	P,	Péron	S,	Jager	M,	Condamine	T,	Pottin	1247 
K,	Romano	S.	2019.	The	genome	of	the	jellyfish	Clytia	hemisphaerica	and	the	evolution	1248 
of	the	cnidarian	life-cycle.	Nature	Ecology	&	Evolution	3:801-810.	1249 
	1250 
Lehnert	EM,	Burriesci	MS,	Pringle	JR.	2012.	Developing	the	anemone	Aiptasia	as	a	1251 
tractable	model	for	cnidarian-dinoflagellate	symbiosis:	the	transcriptome	of	1252 
aposymbiotic	A.	pallida.	BMC	Genomics	13:1-10.	1253 
	1254 
Li	Y-C,	Tamemasa	S,	Zhang	J-Y,	Sato	H.	2020.	Phylogenetic	characterisation	of	seven	1255 
Unicapsula	spp.(Myxozoa:	Myxosporea:	Multivalvulida)	from	commercial	fish	in	1256 
southern	China	and	Japan.	Parasitology	147:448-464.	1257 
	1258 
Lin	M-F,	Kitahara	MV,	Luo	H,	Tracey	D,	Geller	J,	Fukami	H,	Miller	DJ,	Chen	CA.	2014.	1259 
Mitochondrial	genome	rearrangements	in	the	Scleractinia/Corallimorpharia	complex:	1260 
implications	for	coral	phylogeny.	Genome	Biology	and	Evolution	6:1086-1095.	1261 
	1262 
Lin	MF,	Chou	WH,	Kitahara	MV,	Chen	CLA,	Miller	DJ,	Forêt	S.	2016.	Corallimorpharians	1263 
are	not	“naked	corals”:	insights	into	relationships	between	Scleractinia	and	1264 
Corallimorpharia	from	phylogenomic	analyses.	PeerJ	4:e2463.	1265 
	1266 
Luzon	KS,	Lin	M-F,	Lagman	MCAA,	Licuanan	WRY,	Chen	CA.	2017.	Resurrecting	a	1267 
subgenus	to	genus:	Molecular	phylogeny	of	Euphyllia	and	Fimbriaphyllia	(order	1268 
Scleractinia;	family	Euphylliidae;	clade	V).	PeerJ	5:e4074.	1269 
	1270 
MacIsaac	K,	Best	M,	Brugler	M,	Kenchington	E,	Anstey	L,	Jordan	T.	2013.	Telopathes	1271 
magna	gen.	nov.,	spec.	nov.(Cnidaria:	Anthozoa:	Antipatharia:	Schizopathidae)	from	1272 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


deep	waters	off	Atlantic	Canada	and	the	first	molecular	phylogeny	of	the	deep-sea	1273 
family	Schizopathidae.	Zootaxa	3700:237-258.	1274 
	1275 
Macrander	J,	Broe	M,	Daly	M.	2016.	Tissue-specific	venom	composition	and	differential	1276 
gene	expression	in	sea	anemones.	Genome	Biology	and	Evolution	8:2358-2375.	1277 
	1278 
Macrander	J,	Brugler	MR,	Daly	M.	2015.	A	RNA-seq	approach	to	identify	putative	toxins	1279 
from	acrorhagi	in	aggressive	and	non-aggressive	Anthopleura	elegantissima	polyps.	BMC	1280 
Genomics	16:1-19.	1281 
	1282 
Mariottini	GL,	Grice	ID.	2016.	Antimicrobials	from	Cnidarians.	A	new	perspective	for	1283 
anti-infective	therapy?	Marine	Drugs	14:48.	1284 
	1285 
Mariscal	RN.	1984.	Cnidaria:	cnidae.	In.	Biology	of	the	Integument:	Springer.	p.	57-68.	1286 
	1287 
Mariscal	RN,	McLean	RB,	Hand	C.	1977.	The	form	and	function	of	cnidarian	spirocysts.	1288 
Cell	and	Tissue	Research	178:427-433.	1289 
	1290 
Marlow	HQ,	Srivastava	M,	Matus	DQ,	Rokhsar	D,	Martindale	MQ.	2009.	Anatomy	and	1291 
development	of	the	nervous	system	of	Nematostella	vectensis,	an	anthozoan	cnidarian.	1292 
Developmental	Neurobiology	69:235-254.	1293 
	1294 
Maronna	MM,	Miranda	TP,	Peña	Cantero	ÁL,	Barbeitos	MS,	Marques	AC.	2016.	Towards	1295 
a	phylogenetic	classification	of	Leptothecata	(Cnidaria,	Hydrozoa).	Scientific	Reports	6:1-1296 
23.	1297 
	1298 
Marques	AC,	Collins	AG.	2004.	Cladistic	analysis	of	Medusozoa	and	cnidarian	evolution.	1299 
Invertebrate	Biology	123:23-42.	1300 
	1301 
Martin	VJ,	Littlefield	CL,	Archer	WE,	Bode	HR.	1997.	Embryogenesis	in	hydra.	The	1302 
Biological	Bulletin	192:345-363.	1303 
	1304 
Martínez	D,	Iñiguez	A,	Percell	K,	Willner	J,	Signorovitch	J,	Campbell	R.	2010.	Phylogeny	1305 
and	biogeography	of	Hydra	(Cnidaria:	Hydridae)	using	mitochondrial	and	nuclear	DNA	1306 
sequences.	Molecular	Phylogenetics	and	Evolution	57:403-410.	1307 
	1308 
McCormack	JE,	Tsai	WL,	Faircloth	BC.	2016.	Sequence	capture	of	ultraconserved	1309 
elements	from	bird	museum	specimens.	Molecular	Ecology	Resources	16:1189-1203.	1310 
	1311 
McFadden	CS,	Haverkort-Yeh	R,	Reynolds	AM,	Halàsz	A,	Quattrini	AM,	Forsman	ZH,	1312 
Benayahu	Y,	Toonen	RJ.	2017.	Species	boundaries	in	the	absence	of	morphological,	1313 
ecological	or	geographical	differentiation	in	the	Red	Sea	octocoral	genus	Ovabunda	1314 
(Alcyonacea:	Xeniidae).	Molecular	Phylogenetics	and	Evolution	112:174-184.	1315 
	1316 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


McFadden	CS,	Quattrini	AM,	Brugler	MR,	Cowman	PF,	Dueñas	LF,	Kitahara	MV,	Paz-1317 
García	DA,	Reimer	JD,	Rodríguez	E.	2021.	Phylogenomics,	origin,	and	diversification	of	1318 
Anthozoans	(Phylum	Cnidaria).	Systematic	Biology	70:635-647.	1319 
	1320 
McFadden	CS,	Sánchez	JA,	France	SC.	2010.	Molecular	phylogenetic	insights	into	the	1321 
evolution	of	Octocorallia:	a	review.	Integrative	and	Comparative	Biology	50:389-410.	1322 
McFadden	CS,	Van	Ofwegen	LP.	2013.	Molecular	phylogenetic	evidence	supports	a	new	1323 
family	of	octocorals	and	a	new	genus	of	Alcyoniidae	(Octocorallia,	Alcyonacea).	1324 
ZooKeys:59.	1325 
	1326 
McGinnis	S,	Madden	TL.	2004.	BLAST:	at	the	core	of	a	powerful	and	diverse	set	of	1327 
sequence	analysis	tools.	Nucleic	Acids	Research	32:W20-W25.	1328 
	1329 
McMillan	J,	Mahony	T,	Veron	J,	Miller	D.	1991.	Nucleotide	sequencing	of	highly	1330 
repetitive	DNA	from	seven	species	in	the	coral	genus	Acropora	(Cnidaria:	Scleractinia)	1331 
implies	a	division	contrary	to	morphological	criteria.	Marine	Biology	110:323-327.	1332 
	1333 
Medina	M,	Collins	AG,	Takaoka	TL,	Kuehl	JV,	Boore	JL.	2006.	Naked	corals:	skeleton	loss	1334 
in	Scleractinia.	Proceedings	of	the	National	Academy	of	Sciences	103:9096-9100.	1335 
	1336 
Mendoza-Becerril	MA,	Jaimes-Becerra	AJ,	Collins	AG,	Marques	AC.	2018.	Phylogeny	and	1337 
morphological	evolution	of	the	so-called	bougainvilliids	(Hydrozoa,	Hydroidolina).	1338 
Zoologica	Scripta	47:608-622.	1339 
	1340 
Miller	DJ,	Ball	EE,	Technau	U.	2005.	Cnidarians	and	ancestral	genetic	complexity	in	the	1341 
animal	kingdom.	Trends	in	Genetics	21:536-539.	1342 
	1343 
Miranda	LS,	Collins	AG,	Hirano	YM,	Mills	CE,	Marques	AC.	2016.	Comparative	internal	1344 
anatomy	of	Staurozoa	(Cnidaria),	with	functional	and	evolutionary	inferences.	PeerJ	1345 
4:e2594.	1346 
	1347 
Miranda	LS,	Collins	AG,	Marques	AC.	2010.	Molecules	clarify	a	cnidarian	life	cycle–the	1348 
“hydrozoan”	Microhydrula	limopsicola	is	an	early	life	stage	of	the	staurozoan	Haliclystus	1349 
antarcticus.	PloS	One	5:e10182.	1350 
	1351 
Miranda	LS,	Hirano	YM,	Mills	CE,	Falconer	A,	Fenwick	D,	Marques	AC,	Collins	AG.	2016.	1352 
Systematics	of	stalked	jellyfishes	(Cnidaria:	Staurozoa).	PeerJ	4:e1951.	1353 
	1354 
Miranda	LS,	Mills	CE,	Hirano	YM,	Collins	AG,	Marques	AC.	2018.	A	review	of	the	global	1355 
diversity	and	natural	history	of	stalked	jellyfishes	(Cnidaria,	Staurozoa).	Marine	1356 
Biodiversity	48:1695-1714.	1357 
	1358 
Montenegro	J,	Low	ME,	Reimer	JD.	2016.	The	resurrection	of	the	genus	Bergia	1359 
(Anthozoa,	Zoantharia,	Parazoanthidae).	Systematics	and	Biodiversity	14:63-73.	1360 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


	1361 
Müller	F.	1862.	II.—On	the	systematic	position	of	the	Charybdeidæ.	Annals	and	1362 
Magazine	of	Natural	History	10:6-12.	1363 
	1364 
Murbach	L.	1896.	Observations	on	the	development	and	migration	of	the	urticating	1365 
organs	of	sea	nettles,	Cnidaria.	Proceedings	of	the	United	States	National	Museum.	1366 
	1367 
Nawrocki	AM,	Collins	AG,	Hirano	YM,	Schuchert	P,	Cartwright	P.	2013.	Phylogenetic	1368 
placement	of	Hydra	and	relationships	within	Aplanulata	(Cnidaria:	Hydrozoa).	Molecular	1369 
Phylogenetics	and	Evolution	67:60-71.	1370 
	1371 
Nawrocki	AM,	Schuchert	P,	Cartwright	P.	2010.	Phylogenetics	and	evolution	of	Capitata	1372 
(Cnidaria:	Hydrozoa),	and	the	systematics	of	Corynidae.	Zoologica	Scripta	39:290-304.	1373 
	1374 
Nawrocki	EP,	Farm	HJ.	2010.	SSU-ALIGN	User’s	Guide.	1375 
	1376 
Newkirk	CR,	Frazer	TK,	Martindale	MQ.	2018.	Acquisition	and	proliferation	of	algal	1377 
symbionts	in	bleached	polyps	of	the	upside-down	jellyfish,	Cassiopea	xamachana.	1378 
Journal	of	Experimental	Marine	Biology	and	Ecology	508:44-51.	1379 
	1380 
Nguyen	L-T,	Schmidt	HA,	Von	Haeseler	A,	Minh	BQ.	2015.	IQ-TREE:	a	fast	and	effective	1381 
stochastic	algorithm	for	estimating	maximum-likelihood	phylogenies.	Molecular	Biology	1382 
and	Evolution	32:268-274.	1383 
	1384 
Nishimura	O,	Hara	Y,	Kuraku	S.	2017.	gVolante	for	standardizing	completeness	1385 
assessment	of	genome	and	transcriptome	assemblies.	Bioinformatics	33:3635-3637.	1386 
	1387 
Peres	R,	Reitzel	AM,	Passamaneck	Y,	Afeche	SC,	Cipolla-Neto	J,	Marques	AC,	Martindale	1388 
MQ.	2014.	Developmental	and	light-entrained	expression	of	melatonin	and	its	1389 
relationship	to	the	circadian	clock	in	the	sea	anemone	Nematostella	vectensis.	EvoDevo	1390 
5:1-18.	1391 
	1392 
Picciani	N,	Kerlin	JR,	Sierra	N,	Swafford	AJ,	Ramirez	MD,	Roberts	NG,	Cannon	JT,	Daly	M,	1393 
Oakley	TH.	2018.	Prolific	origination	of	eyes	in	Cnidaria	with	co-option	of	non-visual	1394 
opsins.	Current	Biology	28:2413-2419.	e2414.	1395 
	1396 
Prada	C,	DeBiasse	M,	Neigel	J,	Yednock	B,	Stake	J,	Forsman	Z,	Baums	I,	Hellberg	M.	2014.	1397 
Genetic	species	delineation	among	branching	Caribbean	Porites	corals.	Coral	Reefs	1398 
33:1019-1030.	1399 
	1400 
Putnam	NH,	Srivastava	M,	Hellsten	U,	Dirks	B,	Chapman	J,	Salamov	A,	Terry	A,	Shapiro	H,	1401 
Lindquist	E,	Kapitonov	VV.	2007.	Sea	anemone	genome	reveals	ancestral	eumetazoan	1402 
gene	repertoire	and	genomic	organization.	Science	317:86-94.	1403 
	1404 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


Quattrini	AM,	Faircloth	BC,	Dueñas	LF,	Bridge	TC,	Brugler	MR,	Calixto-Botía	IF,	DeLeo	1405 
DM,	Forêt	S,	Herrera	S,	Lee	SM.	2018.	Universal	target-enrichment	baits	for	anthozoan	1406 
(Cnidaria)	phylogenomics:	New	approaches	to	long-standing	problems.	Molecular	1407 
Ecology	Resources	18:281-295.	1408 
	1409 
Quattrini	AM,	Rodríguez	E,	Faircloth	BC,	Cowman	PF,	Brugler	MR,	Farfan	GA,	Hellberg	1410 
ME,	Kitahara	MV,	Morrison	CL,	Paz-García	DA.	2020.	Palaeoclimate	ocean	conditions	1411 
shaped	the	evolution	of	corals	and	their	skeletons	through	deep	time.	Nature	Ecology	&	1412 
Evolution	4:1531-1538.	1413 
	1414 
Raikova	EV,	Raikova	OI.	2016.	Nervous	system	immunohistochemistry	of	the	parasitic	1415 
cnidarian	Polypodium	hydriforme	at	its	free-living	stage.	Zoology	119:143-152.	1416 
	1417 
Reft	AJ,	Daly	M.	2012.	Morphology,	distribution,	and	evolution	of	apical	structure	of	1418 
nematocysts	in	hexacorallia.	Journal	of	Morphology	273:121-136.	1419 
	1420 
Rodríguez	E,	Barbeitos	MS,	Brugler	MR,	Crowley	LM,	Grajales	A,	Gusmão	L,	1421 
Häussermann	V,	Reft	A,	Daly	M.	2014.	Hidden	among	sea	anemones:	the	first	1422 
comprehensive	phylogenetic	reconstruction	of	the	order	Actiniaria	(Cnidaria,	Anthozoa,	1423 
Hexacorallia)	reveals	a	novel	group	of	hexacorals.	PloS	One	9:e96998.	1424 
	1425 
Romanes	GJ.	1880.	The	New	Freshwater	Jelly	Fish:	Physiology	of	the	Freshwater	1426 
Medusa.	Nature	22:179-181.	1427 
	1428 
Romano	SL,	Cairns	SD.	2000.	Molecular	phylogenetic	hypotheses	for	the	evolution	of	1429 
scleractinian	corals.	Bulletin	of	Marine	Science	67:1043-1068.	1430 
	1431 
Romano	SL,	Palumbi	SR.	1996.	Evolution	of	scleractinian	corals	inferred	from	molecular	1432 
systematics.	Science	271:640-642.	1433 
	1434 
Romano	SL,	Palumbi	SR.	1997.	Molecular	evolution	of	a	portion	of	the	mitochondrial	16S	1435 
ribosomal	gene	region	in	scleractinian	corals.	Journal	of	Molecular	Evolution	45:397-1436 
411.	1437 
	1438 
Ruane	S,	Austin	CC.	2017.	Phylogenomics	using	formalin-fixed	and	100+	year-old	1439 
intractable	natural	history	specimens.	Molecular	Ecology	Resources	17:1003-1008.	1440 
	1441 
Sánchez	JA,	González-Zapata	FL,	Prada	C,	Dueñas	LF.	2021.	Mesophotic	gorgonian	corals	1442 
evolved	multiple	times	and	faster	than	deep	and	shallow	lineages.	Diversity	13:650.	1443 
	1444 
Sanders	SM,	Cartwright	P.	2015.	Patterns	of	Wnt	signaling	in	the	life	cycle	of	Podocoryna	1445 
carnea	and	its	implications	for	medusae	evolution	in	Hydrozoa	(Cnidaria).	Evolution	&	1446 
Development	17:325-336.	1447 
	1448 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


Sars	M.	1829.	Bidrag	til	Soedyrenes	naturhistorie.	In.	Med	Sex	Illuminerede	1449 
Steentryktavler.	Bergen,	Norway:	Chr.	Dahl’s	bogtrykkeri.	p.	1-63.	1450 
	1451 
Seiblitz	IG,	Capel	KC,	Stolarski	J,	Quek	ZBR,	Huang	D,	Kitahara	MV.	2020.	The	earliest	1452 
diverging	extant	scleractinian	corals	recovered	by	mitochondrial	genomes.	Scientific	1453 
Reports	10:1-11.	1454 
	1455 
Shearer	T,	Van	Oppen	M,	Romano	S,	Wörheide	G.	2002.	Slow	mitochondrial	DNA	1456 
sequence	evolution	in	the	Anthozoa	(Cnidaria).	Molecular	Ecology	11:2475-2487.	1457 
	1458 
Siddall	ME,	Martin	DS,	Bridge	D,	Desser	SS,	Cone	DK.	1995.	The	demise	of	a	phylum	of	1459 
protists:	phylogeny	of	Myxozoa	and	other	parasitic	Cnidaria.	The	Journal	of	1460 
Parasitology:961-967.	1461 
	1462 
Siebert	S,	Farrell	JA,	Cazet	JF,	Abeykoon	Y,	Primack	AS,	Schnitzler	CE,	Juliano	CE.	2019.	1463 
Stem	cell	differentiation	trajectories	in	Hydra	resolved	at	single-cell	resolution.	Science	1464 
365:eaav9314.	1465 
	1466 
Simão	FA,	Waterhouse	RM,	Ioannidis	P,	Kriventseva	EV,	Zdobnov	EM.	2015.	BUSCO:	1467 
assessing	genome	assembly	and	annotation	completeness	with	single-copy	orthologs.	1468 
Bioinformatics	31:3210-3212.	1469 
	1470 
Sinniger	F,	Ocana	OV,	Baco	AR.	2013.	Diversity	of	zoanthids	(Anthozoa:	Hexacorallia)	on	1471 
Hawaiian	seamounts:	description	of	the	Hawaiian	gold	coral	and	additional	zoanthids.	1472 
PloS	One	8:e52607.	1473 
	1474 
Smothers	JF,	von	Dohlen	CD,	Smith	Jr	LH,	Spall	RD.	1994.	Molecular	evidence	that	the	1475 
myxozoan	protists	are	metazoans.	Science	265:1719-1721.	1476 
	1477 
Stampar	SN,	Broe	MB,	Macrander	J,	Reitzel	AM,	Brugler	MR,	Daly	M.	2019.	Linear	1478 
mitochondrial	genome	in	Anthozoa	(Cnidaria):	a	case	study	in	Ceriantharia.	Scientific	1479 
Reports	9:1-12.	1480 
	1481 
Stampar	SN,	Maronna	MM,	Kitahara	MV,	Reimer	JD,	Beneti	JS,	Morandini	AC.	2016.	1482 
Ceriantharia	in	current	systematics:	life	cycles,	morphology	and	genetics.	The	Cnidaria,	1483 
past,	present	and	future:61-72.	1484 
	1485 
Stampar	SN,	Maronna	MM,	Kitahara	MV,	Reimer	JD,	Morandini	AC.	2014.	Fast-evolving	1486 
mitochondrial	DNA	in	Ceriantharia:	a	reflection	of	Hexacorallia	paraphyly?	PloS	One	1487 
9:e86612.	1488 
	1489 
Stampar	SN,	Maronna	MM,	Vermeij	MJ,	Silveira	FLd,	Morandini	AC.	2012.	Evolutionary	1490 
diversification	of	banded	tube-dwelling	anemones	(Cnidaria;	Ceriantharia;	1491 
Isarachnanthus)	in	the	Atlantic	Ocean.	PloS	One	7:e41091.	1492 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


	1493 
Stolarski	J,	Kitahara	MV,	Miller	DJ,	Cairns	SD,	Mazur	M,	Meibom	A.	2011.	The	ancient	1494 
evolutionary	origins	of	Scleractinia	revealed	by	azooxanthellate	corals.	BMC	1495 
evolutionary	biology	11:1-11.	1496 
	1497 
Straehler-Pohl	I,	Jarms	G.	2022a.	Back	to	the	roots,	Part	1—early	life	cycle	data	of	1498 
Rhopaliophora	(Scyphozoa,	Cubozoa	and	Staurozoa).	Plankton	and	Benthos	Research	1499 
17:1-33.	1500 
	1501 
Straehler-Pohl	I,	Jarms	G.	2022b.	Back	to	the	roots,	Part	2—Rhopaliophora	(Scyphozoa,	1502 
Cubozoa	and	Staurozoa)	reborn	based	on	early	life	cycle	data.	Plankton	and	Benthos	1503 
Research	17:105-126.	1504 
	1505 
Straehler-Pohl	I,	Toshino	S.	2015.	Carybdea	morandinii—New	investigations	on	its	life	1506 
cycle	reveal	its	true	genus:	Carybdea	morandinii	Straehler-Pohl	&	Jarms,	2011	becomes	1507 
Alatina	morandinii	(Straehler-Pohl	&	Jarms,	2011).	Plankton	and	Benthos	Research	1508 
10:167-177.	1509 
	1510 
Sullivan	JC,	Finnerty	JR.	2007.	A	surprising	abundance	of	human	disease	genes	in	a	1511 
simple	“basal”	animal,	the	starlet	sea	anemone	(Nematostella	vectensis).	Genome	1512 
50:689-692.	1513 
	1514 
Swain	TD.	2010.	Evolutionary	transitions	in	symbioses:	dramatic	reductions	in	1515 
bathymetric	and	geographic	ranges	of	Zoanthidea	coincide	with	loss	of	symbioses	with	1516 
invertebrates.	Molecular	Ecology	19:2587-2598.	1517 
	1518 
Tamura	K,	Nei	M.	1993.	Estimation	of	the	number	of	nucleotide	substitutions	in	the	1519 
control	region	of	mitochondrial	DNA	in	humans	and	chimpanzees.	Molecular	Biology	1520 
and	Evolution	10:512-526.	1521 
	1522 
Tan	G,	Muffato	M,	Ledergerber	C,	Herrero	J,	Goldman	N,	Gil	M,	Dessimoz	C.	2015.	1523 
Current	methods	for	automated	filtering	of	multiple	sequence	alignments	frequently	1524 
worsen	single-gene	phylogenetic	inference.	Systematic	Biology	64:778-791.	1525 
	1526 
Titus	BM,	Benedict	C,	Laroche	R,	Gusmão	LC,	Van	Deusen	V,	Chiodo	T,	Meyer	CP,	1527 
Berumen	ML,	Bartholomew	A,	Yanagi	K.	2019.	Phylogenetic	relationships	among	the	1528 
clownfish-hosting	sea	anemones.	Molecular	Phylogenetics	and	Evolution	139:106526.	1529 
	1530 
Trembley	A.	1744.	Mémoires	pour	servir	à	l'histoire	d'un	genre	de	ploypes	d'eau	douce,	1531 
à	bras	en	forme	de	cornes:	Durand.	1532 
	1533 
Untiedt	CB,	Quattrini	AM,	McFadden	CS,	Alderslade	PA,	Pante	E,	Burridge	CP.	2021.	1534 
Phylogenetic	relationships	within	Chrysogorgia	(Alcyonacea:	Octocorallia),	a	1535 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/


morphologically	diverse	genus	of	octocoral,	revealed	using	a	target	enrichment	1536 
approach.	Frontiers	in	Marine	Science	7:599984.	1537 
	1538 
van	Oppen	MJ,	McDonald	BJ,	Willis	B,	Miller	DJ.	2001.	The	evolutionary	history	of	the	1539 
coral	genus	Acropora	(Scleractinia,	Cnidaria)	based	on	a	mitochondrial	and	a	nuclear	1540 
marker:	reticulation,	incomplete	lineage	sorting,	or	morphological	convergence?	1541 
Molecular	Biology	and	Evolution	18:1315-1329.	1542 
	1543 
Watling	L,	Saucier	EH,	France	SC.	2022.	Towards	a	revision	of	the	bamboo	corals	1544 
(Octocorallia):	Part	4,	delineating	the	family	Keratoisididae.	Zootaxa	5093:337-375.	1545 
	1546 
Won	J,	Rho	B,	Song	J.	2001.	A	phylogenetic	study	of	the	Anthozoa	(phylum	Cnidaria)	1547 
based	on	morphological	and	molecular	characters.	Coral	Reefs	20:39-50.	1548 
	1549 
Zapata	F,	Goetz	FE,	Smith	SA,	Howison	M,	Siebert	S,	Church	SH,	Sanders	SM,	Ames	CL,	1550 
McFadden	CS,	France	SC.	2015.	Phylogenomic	analyses	support	traditional	relationships	1551 
within	Cnidaria.	PloS	One	10:e0139068.	1552 
	1553 
Zeleny	C.	1907.	The	effect	of	degree	of	injury,	successive	injury	and	functional	activity	1554 
upon	regeneration	in	the	scyphomedusan,	Cassiopea	xamachana.	1555 
	1556 
Zoja	R.	1895.	Sullo	sviluppo	dei	blastomeri	isolati	dalle	uova	di	alcune	meduse	(e	di	altri	1557 
organismi).	Archiv	für	Entwicklungsmechanik	der	Organismen	2:1-37.	1558 
 1559 

.CC-BY-NC 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 5, 2022. ; https://doi.org/10.1101/2022.10.03.510641doi: bioRxiv preprint 

https://doi.org/10.1101/2022.10.03.510641
http://creativecommons.org/licenses/by-nc/4.0/

