Table S3 Morphological matrix of the Astrophorida species sampled in this study. See Figure 1 for an illustration of some spicules. Spirophorida outgroups are shaded in gray at the end of the Table. Characters: (1) Sterrasters: 0, absent; 1, globular; 2, flattened (=aspidasters); (2) small streptaster: 0, absent; 1, amphiaster; 2, spiraster; (3) large streptaster (= plesiaster): 0, absent; 1, present; (4) microrhabds/microstrongyles: 0, absent; 1, present; (5) trichodragmas: 0, absent; 1, present; (6) sanidasters: 0, absent; 1, present; (7) microxeas in choanosome: 0, absent; 1, present; (8) toxa: 0, absent; 1, present; (9) trichotriaene: 0, absent; 1, present; (10) “amphiaster” (Thrombus): 0, absent; 1, present; (11) anatriaene: 0, absent; 1, present; (12) triaene (and derivatives): 0, absent; 1, long-shafted; 2, short-shafted; 3, calthrops; 4, calthrop with reduced actine; 5, phyllotriaene; 6, discotriaene; 7, mesotriaene; (13) desmas: 0, absent; 1, present.

	Characters


	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	A. millari
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	6
	0

	Ancorina sp.
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0

	A. radiocrusta
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	C. durissima
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0

	C. geodioides
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0

	C. pachastrelloides
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0

	C. pathologica
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	3
	0

	C. vulcani
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2
	0

	D. bucklandi
	0
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	3
	0

	D. polymorpha
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	6
	1

	E. aleuticus
	2
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	E. deficiens
	2
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	E. discophorus
	2
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	E. euastrum
	2
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	E. expletus
	2
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	2
	0

	E. granularis
	2
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	E. mamillaris
	2
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	E. megastylifera
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0

	E. robusta
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1
	0

	Ecionemia sp.
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0

	Erylus sp.
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	E. topsenti
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	Exsuperantia sp.
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	5
	1

	G. angulata
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. cf. atlantica
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. barretti
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. californica
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. conchilega
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. corticostylifera
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	G. cydonium
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. gibberosa
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	G. gibberosa (Panama)
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. hentscheli
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. intuta
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	G. macandrewi
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. media
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. megastrella
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. pachydermata
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	G. papyracea
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. phlegraei
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	G. simplicissima
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	Geodia sp. 1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	Geodia sp. 2
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	G. vaubani
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	G. vosmaeri
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	Melophlus sp.
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	N. huxleyi
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	N. nolitangere
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	P. amygdaloides
	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0
	4
	0

	P. candidata
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	P. compressa
	0
	2
	1
	0
	0
	0
	1
	0
	0
	0
	0
	2
	0

	P. helleri
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	P. johnstonia
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	P. normani
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	P. ovisternata
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	3
	0

	Pachastrella sp.
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	3
	0

	P. sclerobesa
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	2
	0

	R. globostellata
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	R. intermedia
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	R. cordata
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	Rhabdastrella sp.
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	S. carolinensis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	S. clarella
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	S. dorsigera
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	S. fibrosa
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	S. fortis
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0

	S. grubii
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	S. lactea
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0

	S. mucronatus
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0

	S. normani
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0

	S. ponderosus
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0

	S. raphidiophora
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0

	S. raratriaenus
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0

	Stelletta sp. 1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	Stelletta sp. 2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	S. tuberculata
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	S. tuberosa
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	T. abyssorum
	0
	2
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	T. abyssi
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0

	T. abyssi
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0

	T. conica
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	5
	1

	T. intextum
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	7
	0

	T. levis
	0
	2
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	T. muricata
	0
	2
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	T. schmidti
	0
	2
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	T. swinhoei
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	5
	1

	T. valdiviae
	0
	2
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	V. (A.) ornata
	0
	2
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	V. (V.) aberrans
	0
	2
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	0

	V. (V.) gracilis
	0
	2
	1
	0
	0
	0
	1
	0
	0
	0
	0
	2
	0

	C. apion
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	C. cranium
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	C. cf. schulzei
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	Craniella sp.
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0


