
Appendix 1: List of characters used in the phylogenetic analysis
Characters are modified from Brazeau, 2009; Brazeau and Friedman, 2014; Davis et al., 2012; Dupret et al., 2007; Dupret and Zhu, 2008; Johnson et al., 2000; Zhu et al., 2013.
1. Contact between the rostral and pineal plates: absent (0); present (1).
2. Contact between the preorbital plates: absent (0); present (1).
3. Supraorbital sensory canals meet in the midline of the skull roof: absent (0); present (1).
4. Posterior pit line canals meet in the midline of the skull roof: absent (0); present (1).
5. Supraorbital sensory canal and posterior pit line canal meet in the midline of the skull roof: absent (0); present (1).
6. Posterior descending lamina: absent (0); present (1).
7. Elongate occipital cross-commissural sensory canal: absent (0); present (1).
8. Ethmoid commissure: absent (0); present (1).
9. Orbit enclosed by the preorbital and postorbital plates: absent (0); present (1).
10. Postnasal plate forms part of the orbital margin: absent (0); present (1).
11. Position of the radiation center of the nuchal plate: anterior (0); posterior (1).
12. Postnasal plate: absent (0); present (1).
13. Central plate forms part of the orbit: absent (0); present (1).
14. Posterior postorbital process: forked (0); unforked (1).
15. Anterior and posterior postorbital processes fused into a single process: not fused (0); fused (1).
16. Supraorbital process: absent (0); present (1).
17. Posterior pit lines well developed, forming an X-shaped pattern with the supraorbital sensory canals: absent (0); present (1).
18. Paravagal fossa: absent (0); present (1).
19. Sensory canals sunk into the dermal bone: absent (0); present (1).
20. Mesial articular process: absent (0); present (1).
21. Size of the orbit: small (0); large (1).
22. Presence of the eminence of the preorbital plate: absent (0); present (1).
Appendix 2: Data matrix 
Kujdanowiaspis podolica 
1100000001010001000000
Dicksonosteus arcticus 
1100000001010000000000
Diandongpetalichthys liaojiaoshanensis 
1000001?01110001101000
Pauropetalichthys magnoculus 
1000011100100100101111
Eurycaraspis incilis 
1011011000100100101101
Quasipetalichthys haikouensis 
 101111000010010?10110?
Lunaspis broilii             
01000000100011??1?1000
Macropetalichthys rapheidolabis 
-011100010001111111000
Appendix 3: Taxa and localities
	Genus
	Locality 
	Reference

	Brevipetalichthys
	Middle and Late Pragian, Zhaotong, Yunnan, southwestern China
	Ji, 1996; Zhao and Zhu, 2010

	Diandongpetalichthys
	Early Lochkovian, Qujing, Yunnan, southwestern China
	P'an and Wang, 1978; Zhao and Zhu, 2010; Zhu, 1991

	Ellopetalichthys
	Late Givetian, southwestern Ellesmere Island, arctic Canada
	Kiaer, 1915

	Epipetalichthys
	Late Frasnian, Bad Wildungen, Germany
	Stensio, 1925

	Eurycaraspis
	Middle Eifelian, Zhanyi district, Qujing, Yunnan, southwestern China; Wuding, Yunnan, southwestern China
	Liu, 1991; Zhao and Zhu, 2010; Zhu, 2000

	Guangxipetalichthys
	Middle Eifelian, Guangxi, southern China; Middle Eifelian, Changsha, Hunan, southern China
	Ji and Pan, 1997; Zhao and Zhu, 2010

	Lunaspis
	Emsian, Rheinland, Germany
	Broili, 1929; Gross, 1937; Kayser, 1880

	Macropetalichthys
	Eifelian-Givetian, New York, Ohio and Indiana, U.S.A; Ontario, Canada; Rheinland, Germany
	Norwood and Owen, 1846; Stensiö, 1969

	Neopetalichthys
	Late Lochkovian-Early Pragian, Jiangyou, Sichuan, southwestern China
	Liu, 1973; Zhao and Zhu, 2010

	Notopetalichthys

	Early Emsian, New South Wales, Australia
	Woodward, 1941

	Parapetalichthys
	Early Pragian, Jiangyou, Sichuan, southwestern China
	Wang, 1988; Zhao and Zhu, 2010

	Pampetalichthys
	Early Emsian, Qujing, Yunnan, southwestern China
	Zhu and Wang, 1996b; Zhu, 2000

	Pauropetalichthys 
	Late Emsian, Zhanyi district, Qujing, Yunnan, southwestern China
	

	Quasipetalichthys
	Middle Eifelian, Kunming, Yunnan, southwestern China; Yiliang, Yunnan, southwestern China; Zhongning, Ningxia, northern China
	Liu, 1973; Pan et al., 1987


	Shearsbyaspis 

	Emsian, Taemas-Wee Jasper area, New South Wales, Australia
	Young, 1985


	Sinopetalichthys
	Early Emsian, Guiyang, Guizhou, southern China
	Pan et al., 1975; Zhao and Zhu, 2010

	Wijdeaspis

	Eifelian-Givetian, Spitsbergen; Severnaya Zemlya; northwestern Siberia; Elburg Mountains, Iran; New South Wales, Australia
	Denison, 1978; Heintz, 1929; Young, 1978


	Xinanpetalichthys
	Middle and late Pragian, Jiangyou, Sichuan, southwestern China
	Pan et al., 1987; Zhao and Zhu, 2010
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