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Breaking the mold: telescoping drives the evolution of more integrated and heterogeneous skulls in cetaceans 
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Table S1: List of the specimens used for the construction of the anatomical networks of the skulls and the sources. Physical maturity of the specimens was taken from the literature or determined following the criteria of closure of the cranial sutures suggested by Perrin (1975) and Walsh & Berta (2011) unless indicated.

	TAXA
	Family
	Taxon
	Collection number
	Physical maturity
	Reference

	













STEM CETACEA 








	Pakicetidae
	Pakicetus attocki



Pakicetus inachus 

	H-GSP 18467
18470, 
96231,                 
96623

GSP-UM084
	-
-
adult
juvenile

adult1
	Nummela et al., 2006 



Gingerich & Russell, 1981; Gingerich & Russel 1990 (Fig. 8); 

	
	
“Protocetidae”
	
Aegyptocetus


Georgiacetus

Protocetidae indet.

Artiocetus clavis
	MSNTUP I-15459


GSM350

CMM-V-4536

GSP-UM3458
	adult
 


adult

-

-
	
Bianucci & 
Gingerich, 2011

Hulbert et al., 1998

Godfrey et al., 2013

Gingerich et al., 2001

	
	
Basilosauridae
	
Dorudon atrox
	
UM 100139 
  UM 93220 
UM 101222
UM 97512
UM 97506
	
juvenile
juvenile
adult
adult
adult
	
Uhen, 2004; 
Marx et al 2016 (fig. 3.8)

	




MYSTICETI
	
Aetiocetidae

	
Aetiocetus cotylalveus


Aetiocetus 
weltoni
	
USNM 25210



    UCMP12290              
	
     adult



     subadult
	
Emlong, 1966


Demeré & Berta, 2008
Marx et al 2016 (Fig. 4.10)

	
	Eomysticetidae
	Yamatocetus
	KMNH VP 000,017
	      subadult2
	Okazaki 2012 (p:4); 
Marx et al. 2016 fig. 4.12

	
	Balaenidae
	Eubalaena australis



	CNP-MAMM
748
MLP 1508
MoNZ 2239
USNM 267612
	neonate

subadult
juvenile?3
adult
	Marx et al., 2016
Tsai et al., 2014
MB personal observations

	
	Balaenopteridae
	Balaenoptera acutorostrata




B.borealis

B. physalus



B. musculus

B. edeni

B.omurai

B.brydei


B. ricei
	CNP-MAMM 100750
USNM 61715
USNM 504244


USNM 236680

USNM 550467

USNM 16039

USNM 124326

GRM223

NSMT-M32505


RMNH 78N33


USNM 594665
	juvenile

subadult
subadult


subadult

subdult

adult

adult

adult

adult

adult


adult
	Marx et al., 2016 (fig. 4.17)
Muller, 1954; Ichishima, 2016
Tsai et al., 2014











Wada et al., 2003 (fig.1)
Yamada et al 2006
Tsai et al., 2014

Rosel et al., 2021


	
	




Cetotheriidae 
	Caperea
	NMNZ MM 
2235 
NMNZ MM 
2254
	adult5

subadult5


	Marx et al., 2016
Tsai et al., 2014

	
	[bookmark: _heading=h.gjdgxs]
	Piscobalaena nana
	MNHN SAS 1617
MNHN SAS 1618
MNHN SAS 1623
	     adult

     adult

adult
	Bouetel et al., 2006

	ODONTOCETI
	Xenorophidae
	Albertocetus meffordorum
	CCNHM 303

CCNHM 218

USNM 525001
	subadult

adult

subadult
	Boessenecker et al., 2017; 
Uhen, 2008

	
	Platanistoidea
	Waipatia
	OU 22095
	subadult/
adult
	Fordyce, 1994

	
	Platanistoidea
	Notocetus vanbenedeni
	MLP 5-5, 
5-10

	adult
adult
	Viglino, 2019 personal communications from M.Viglino (August, 2021)

	
	
Physeteridae
	
Physeter
	
USNM 35315
 
MACN-Ma 29768 
	
subadult

adult
	
Flower,18684
personal observations from F. Paolucci, (June 2021)


	




	Delphinidae
	Tursiops truncatus
	USNM 550403
CNP-MAM 100-644
CNP-MAM 100953
CNP-MAM 100952
CNP-MAM 100954
CNP-MAM 100957
	adult
adult

subadult

adult

adult

adult
	[bookmark: _heading=h.3znysh7]Mead & Fordyce (2009)


1 Based on a byzigomatic width of 145mm (Gingerich & Russel, 1981), higher than the adult specimen H-GSP 96231 of Pakicetus attocki. There is not any evidence in the dental morphology (e.g. deciduous dentition) or cranial futures suggesting a juvenile condition.
2  Based on the degree of cranial close suture and fusion of vertebral and forelimb epiphysis 
[bookmark: _heading=h.1fob9te]3 Specimen with basioccipital-basisphenoid suture completely closed; however, most of the basicranial sutures (e.g. squamosal-alisphenoid; pterygoid-basioccipital; pterygoid/palatine) are not fused which might indicate a juvenile condition. Besides, cancellous bones surface of squamosal/pterygoid also indicates an immature condition.
[bookmark: _heading=h.qpr9uexip3ts]4   This work includes an adult specimen and comparison with a juvenile.
5 Based on information available in Buchholtz (2011)

Institutional abbreviations: CCNHM, Mace Brown Museum of Natural History, Charleston, South Carolina, USA; CMM-V, Calvert Marine Museum fossil Vertebrate collection, Solomons, Maryland, USA; CNP-MAMM,  Laboratorio de Mamíferos Marinos, Centro Nacional Patagónico, Puerto Madryn, Argentina; GSP-UM, Geological Survey of Pakistan, University of Michigan; Michigan, USA; GRM, Indian Museum, Kolkata, Indian; GSM, Georgia Southern Museum, Statesboro, Georgia, USA; H-GSP, Geological Survey of Pakistan, Howard University, Washington, D.C., USA; KMNH, Kitakyushu Museum of Natural History and Human History, Kitakyushu, Japan; MLP, Museo de La Plata, La Plata, Argentina; MNHN, Museum National d`Histoire Naturelle, Paris, France; NMNZ, Museum of New Zealand Te Papa Tongarewa, Wellington, New Zealand, NSMT-M, National Science Museum, Tokyo, Japan; OU, Geology Museum, University of Otago, Dunedin, New Zealand; RMNH, National Museum of Natural History, Leiden; UCMP, University of California Museum of Paleontology, Berkeley, USA; UM, University of Michigan Museum of Paleontology, Ann Arbor, Michigan; USNM, National Museum of Natural History, Washington, D.C., USA; 

Table S2. PERMANOVA analysis considering the taxonomic classification of the tetrapods groups. Statistically significant p < 0.05 marked with bold.

	p/F
	Ichthyostegalia
	Seymouriamorpha
	Amphibia
	Procolophonomorpha
	Testudinata
	Sauropsida
	Crocodilia
	Dinosauria
	Aves
	Lepidosauria
	Squamata
	Synapsida
	Mammalia
	Cetacea

	Ichthyostegalia
	 
	1
	0.4967
	1
	0.1092
	1
	1
	0.7994
	1
	1
	0.5162
	0.8085
	0.1267
	0.0441

	Seymouriamorpha
	12.39
	 
	0.2498
	1
	0.104
	1
	1
	0.7921
	1
	1
	0.5063
	0.1989
	0.1263
	0.0452

	Amphibia
	2.37
	2.86
	 
	0.5026
	0.0824
	0.1008
	0.7564
	0.0324
	0.7533
	0.5013
	0.0333
	0.0327
	0.2638
	0.087

	Procolophonomorpha
	2.86
	2.86
	0.9135
	 
	0.1037
	0.2461
	1
	0.5917
	1
	1
	0.7559
	0.605
	0.1216
	0.0442

	Testudinata
	17.74
	23.12
	3.179
	3.691
	 
	0.0049
	0.3976
	0.0034
	0.1018
	0.1015
	0.0039
	0.0013
	0.0002
	0.0001

	Sauropsida
	0.05763
	0.106
	8.539
	1.781
	35.18
	 
	0.2506
	0.3193
	0.243
	1
	0.2077
	0.1721
	0.0092
	0.0004

	Crocodilia
	35.18
	35.18
	0.7009
	0.7009
	1.865
	2.736
	 
	0.5975
	1
	1
	0.6226
	0.206
	0.1203
	0.045

	Dinosauria
	0.2654
	0.5267
	6.728
	0.5874
	16.93
	1.203
	0.8705
	 
	0.1979
	0.8
	0.4592
	0.4014
	0.004
	0.0002

	Aves
	0.8705
	0.8705
	0.2868
	0.2868
	12.66
	13.38
	13.38
	8.477
	 
	1
	0.1258
	0.203
	0.3738
	0.0428

	Lepidosauria
	8.477
	8.477
	1.954
	1.954
	13.05
	0.5914
	0.5914
	0.1744
	0.1744
	 
	0.6271
	0.8031
	0.1291
	0.0476

	Squamata
	0.4184
	0.8273
	5.813
	0.09684
	8.598
	1.726
	0.3968
	0.6537
	4.653
	0.2977
	 
	0.8426
	0.0009
	0.0001

	Synapsida
	0.8627
	2.086
	7.563
	0.8387
	24.96
	2.051
	2.329
	0.9133
	19.41
	0.8431
	0.1547
	 
	0.0034
	0.0002

	Mammalia
	18.15
	20.94
	1.496
	9.211
	34.23
	48.01
	7.649
	38.97
	1.492
	15.58
	32.49
	47.27
	 
	0.0001

	Cetacea
	29.04
	37.17
	3.224
	8.692
	16.73
	73.35
	7.935
	50.47
	6.701
	22.76
	29.96
	53.08
	41.55
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