Anderson et al. 2010
Evolution of freshwater Corbulidae


Supplementary Material

Table S1. List of taxa incorporated into the genus-level analyses, as well as information on their habitat and reason(s) for incorporation into analyses. Abbreviations for habitat: M = primarily marine, B = primarily brackish, F = primarily freshwater.

	Taxon
	Habitat
	Reason(s) for incorporation into analyses

	Bothrocorbula sp. cf. B. viminea
	M
	· Genus endemic to Caribbean Neogene

	Caryocorbula alabamiensis
	M
	· Type species of genus

· Genus abundant and diverse in tropical American Neogene, including southwestern Atlantic and eastern Pacific Oceans

· Genus also present in North American Cretaceous

	Corbula sulcata
	M
	· Type species of genus

· Pebasian brackish-incursion species, C. cotuhensis, placed in this genus

	Corbula speciosa
	M
	· Tropical American (eastern Pacific) representative of Corbula s.s.

	Corbula cotuhensis 
	B
	· Occurs in brackish-incursion horizons of Pebas Formation

	Juliacorbula cubaniana
	M
	· Type species of genus 

· Genus endemic to tropical American Neogene

	Notocorbula vicaria
	M
	· Types species of genus

· Notocorbula occurs in southwestern Atlantic today (N. patagonica)

	Caestocorbula gerardi
	M
	· Type species of genus

· Genus present in North America from Cretaceous-Eocene (and possibly Oligocene)

	Vokesula disparilis
	M
	· Abundant and diverse genus in tropical American Neogene (often identified as Varicorbula or Notocorbula), including southwestern Atlantic and eastern Pacific Oceans

	Tiza alta
	M
	· Type species of genus
· Previous authors noted morphologic similarities with Pachydon 

	Corbulomima nuciformis
	M
	· Type species of genus

· Previous authors noted morphologic similarities with Pachydon

	Panamicorbula ventricosa
	B
	· Type species of genus

· Brackish-water genus from tropical American Neogene

· Corbula cotuhensis initially placed in Panamicorbula

	Lentidium mediterraneum
	B
	· Type species of genus

· Brackish-water genus

	Erodona mactroides
	B
	· Type species of genus

· Erodonidae is nested within Corbulidae; morphologically similar to Potamocorbula
· Geographic range from Brazil to Argentina, in brackish waters 

	Potamocorbula amurensis
	B
	· Type species of genus

· Brackish-water genus

	Corbulamella gregaria
	B
	· Type species of genus

· Previous authors noted morphologic similarities with Pachydon
· Occurs in Cretaceous of North America

· Brackish-water species

	Ursirivus pyriformis
	B
	· Type species of genus

· Previous authors noted morphologic similarities with Pachydon
· Occurs in Cretaceous of North America

· Brackish-water species

	Ostomya sp.
	F
	· Occurs in Paleocene Tongue River Member Fort Union Formation

	Ostomya papyria 
	F
	· Type species of genus 

· Occurs in Miocene Pebas Formation

	Anticorbula sp. 
	F
	· Occurs in Paleocene Tongue River Member Fort Union Formation

	Anticorbula sinuosum
	F
	· Type species of genus

· Occurs in modern Amazon and northeastern South American drainages

	Pachyrotunda rotundata
	F
	· Type species of genus 

· Occurs in Miocene Pebas Formation

	Concentricavalva concentrica 
	F
	· Type species of genus 

· Occurs in Miocene Pebas Formation

	Exallocorbula dispar
	F
	· Type species of genus 

· Occurs in Miocene Pebas Formation

	Pachydon mactriformis
	F
	· Occurs in Paleocene Tongue River Member Fort Union Formation

	Pachydon obliquus
	F
	· Type species of genus 

· Occurs in Miocene Pebas Formation


Safe Taxonomic Reduction

Both the genus- and species-level matrices were examined for redundant taxa using safe taxonomic reduction as implemented in the software TAXEQ3 (Wilkinson 1995). In safe taxonomic reduction, increased topologic stability is sought by eliminating taxa whose character data are redundant with those retained in a given matrix. Elimination of these redundant taxa may clarify relationships among remaining taxa by reducing MPTs and increasing branch stability (i.e., bootstrap support) without loss of phylogenetic information (Wilkinson 2003). 
To implement safe taxonomic reduction using TAXEQ3, we had to delete and modify several characters, as the program can accommodate a maximum of six character states per character. Four characters in our matrices had >6 states (1, 2, 26, 27; Table S2). We deleted these four characters, while modifying characters 3 and 4 to preserve information on the absence of commarginal ribs (in the original matrix, ‘ribs absent’ for the left and right valve were coded as valid character states for characters 1 and 2, but as ‘-’ in 3 and 4).
Characters

Character matrices and descriptions are provided in Tables S2 and S3 respectively. The matrix is also available via Dryad (datadryad.org). Of the 88 characters included in both matrices, four were autapomorphies (characters 10, 50, 60, 68). Most characters are multistate, with discontinuous character states. For those that describe the degree of expression of a trait, only characters with states that we could consistently distinguish because of morphologic gaps were retained. To minimize issues of character nonindependence, a matrix of 65 corbulid taxa was examined for any correspondence in character state changes among characters that could be functionally linked (e.g., hinge features). This matrix includes taxa incorporated into Anderson and Roopnarine (2003), Anderson et al. (2006) and this paper, as well as unpublished data. If characters consistently showed the same character state changes across taxa, then only one character was retained for the analyses included herein. Characters states for all characters were treated as unordered and were equally weighted in phylogenetic analyses.
 Because corbulids are inequivalved, any trait that differed between valves in at least one taxon was coded as separate characters for the left and right valves. If that trait was constant in one valve and varied in the other, only the character with variable states was included. When we used more than one character to describe a trait, we paid particular attention to coding taxa that lacked that trait in one or both valves. For example, taxa lacking commarginal ribs on one or both valves were coded as  'ribs absent' for the left and/or right valve in characters 1 and/or 2 (which describe the shape and distribution of ribs on the left and right valves). For other characters related to commarginal ribs (Characters 3 – 6), we coded the absence of ribs as ‘not applicable’ (symbolized with a ‘-’) to avoid building redundancy into the matrix by coding the same character state multiple times (see also Mikkelsen 1998; Strong and Lipscomb 1999). Nonetheless, both types of missing character state data—‘not applicable’ and ‘unavailable’ (i.e., material we have available is either insufficient or too poorly preserved to allow character states to be coded with confidence; symbolized with a ‘?’)—are treated identically in PAUP*. The distribution across taxa of both not applicable and unavailable character states is summarized in Table S4.
Table S2. Character state matrix. The genus-level analyses used the first 28 taxa (up to and including Mesodesma corneum), while all taxa were used in the species-level analysis. 
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	Bothrocorbula sp. cf. B. viminea
	1111221100 1100110000 1332222001 2300111202 2111111101 1000100020 2011111101 1000001001 10020022

	Caestocorbula gerardi 
	970200642- 6300212200 1011100542 2300000021 2003200101 1014011010 1120000101 0040011113 31211211

	Caryocorbula alabamiensis
	0000112211 1100000000 1002222001 2322110002 2100002111 1000000000 2100112101 0000001011 11111122

	Corbula sulcata
	3311113311 2200112200 2001200112 2300002022 2000200201 0012210010 3222112111 2030001001 10020122

	Corbula speciosa
	4311033311 2200012200 2002200112 2300111020 0000200101 0002210000 3200112101 2230001001 10020122

	Corbula cotuhensis 
	86----2111 1000111100 0111100111 23221110?0 0120200401 0002210000 3000112110 0030311113 32212212

	Corbulamella gregaria
	00000044-- 0011001120 2112200332 232200002? 0002211101 ??00?02000 2000000100 0040011?00 ?221031?

	Corbulomima nuciformis
	001100???? 1100001100 2110000222 23220001?? ?000411501 1020005020 2001140100 1442?????? ????3?2?

	Erodona mactroides
	86----642- 0010111100 1011100001 1122112420 0000400331 1011011010 4020050111 0220311000 01122111

	Juliacorbula cubaniana
	2200003311 3300000011 0112233221 0022001000 0100210201 1000000000 2100102101 0240110000 02212212

	Lentidium mediterraneum
	86----1111 0001111100 1001111111 2322110020 0100000401 1114301001 0002102101 0240311123 31101200

	Notocorbula vicaria
	3311006331 5200212200 2001200112 2300001022 2000002111 1012111000 3220112101 2040011001 21111122

	Panamicorbula ventricosa
	86----44-- 0000111100 1001100331 2322112000 0100201001 1000010010 2120112101 2241011000 02202200

	Potamocorbula amurensis
	86----141- 0011111122 2011111331 2322112020 0000400331 1014311010 4020052111 0220011113 31102200

	Tiza alta
	86----???? 1100111100 10011CC112 2322101532 2033211101 ???0300000 3300140101 0040??103? 02211211

	Ursirivus pyriformis
	00000144-- 0000111111 22224CC441 2311002??? ?000200301 1002310000 2100110101 02?0?????? ?22210?2

	Vokesula disparilis 
	5011110121 0010101000 1002210333 2322100000 0000210101 1010000020 2000000101 2201011112 21200210

	Anticorbula sinuosum
	64000044-- 0011001100 1220088331 0022111420 0100011201 11013031-- -------121 2441010002 22200000

	Anticorbula sp.
	64000044-- 0011001100 0110088331 0022110420 0100011201 11113031-- -------121 2441010002 22200001

	Concentricavalva concentrica 
	750000???? 44--00112? ???1199331 23????1000 01433??041 10134141-- -------120 031??????? ????????

	Exallocorbula dispar 
	86----241- 0001111111 1221366214 1220111320 0000200101 1020303000 3300040101 2200010001 10220211

	Ostomya papyria 
	86----44-- 0000111100 2110011331 2022111000 0100400301 1001304020 1100152120 0300001001 01101100

	Ostomya sp.
	86----44-- 0011111100 2010011331 2022110000 0100401101 1011303000 1010000121 2140001002 21111111

	Pachydon mactriformis
	86----44-- 0011111100 1110044331 2322111000 0100011121 1011300020 2311220121 2040011123 32212211

	Pachydon obliquus
	86----1111 2100111100 2000054332 2102111000 0000011411 1000313020 2011121121 2100011010 31232201

	Pachyrotunda rotundata 
	86----44-- 0000111100 ?002299331 2322110?0? 0100001301 10204040-- -201152100 01000????? ?2202200

	Mya arenaria
	86----44-- 44--111122 -000011330 2322112000 013050-2-1 10133111-- -------111 2243-11024 41101111

	Mesodesma corneum
	86----44-- 44--111122 -0033BB330 2322111000 0105200500 -------300 5012162031 2043-10104 40011111

	Anticorbula mencheri
	64000044-- 0001001102 1110088331 002211142? ?120011401 1111303220 02101421?1 2401?????? ????????

	Anticorbula miocaenica
	64000044-- 1100001100 2110088331 0022000420 0100011201 1111303220 0211142121 2401010002 22201101

	Ostomya carinata
	86----44-- 00?0111122 -110000331 2022110000 0100400301 1001304010 0100152120 0302?0111? 31201100

	Ostomya myiformis
	86----44-- 0011111122 -000077551 2?221124?0 ?10240?201 1001314000 3210152120 030??01001 ?1?00?1?

	Pachydon amazonensis
	86----40-1 0011111100 22200AA001 2322111000 0100211401 1001303020 0211140121 2440011011 12221111

	Pachydon andersonae
	86----44-- 0000111100 1220055331 2110011120 0120211401 1001303020 4211140121 2240001001 12231111

	Pachydon carinatus
	86----44-- 3100111110 1110055333 2302012420 0002211301 1020303020 2011130121 2240000001 10230221

	Pachydon cuneatus
	86----1111 0000111100 1220044331 2322112000 0100211451 1020303020 4211130121 2100111010 02222211

	Pachydon cebada
	86----44-- 000?111100 ?112200331 2122110??0 0100200301 1001300000 3300142101 2440?11113 ?2221122

	Pachydon ellipticus
	86----41-1 44--111100 12200AA331 2322111000 0100211451 1001303020 4211130120 2100011001 12221212

	Pachydon erectus
	86----5011 0001111100 1222200131 2111112000 0104200001 1001303000 0100120101 0100201011 12222211

	Pachydon hettneri
	86----44-- 0000111100 ?112200331 1122110420 0120211101 1101310020 1300140111 0140011113 31122222

	Pachydon iquitensis
	86----041- 1100111100 1112200001 2100110020 0100021301 1001303010 3210142101 2102011022 22212121

	Pachydon ledaeformis
	86----44-- 3300110011 12220AA441 2321010000 0100011401 1001303020 3310142121 2140?01001 12220022

	Pachydon maaikeae
	86----44-- 0000111100 1220044111 2322110001 1100211151 1001303020 3110140121 2440011012 22221222

	Pachydon telliniformis
	86----44-- 040-111111 1221111131 2322111020 0100000341 1001303000 3300152120 0100011123 31110001

	Pachydon tenuis
	86----44-- 0000111100 1220055331 2322112010 0100211401 1001303020 4211140121 2100001010 02222210

	Pachydon trigonalis
	86----1111 0011111100 1112200331 2322110000 0000011401 1000303020 2311140100 0140211112 21211111


Table S3. Character and character state descriptions for matrices used in phylogenetic analyses.

	Character number
	Character and character state description
	Character state

	1
	Left-valve commarginal rib shape
	

	
	Flatly rounded
	0

	
	Highly rounded
	1

	
	Wedge shaped
	2

	
	From wedge shaped to low irregular with ontogeny
	3

	
	From wedge shaped to flat ribbon with ontogeny
	4

	
	Regularly to irregularly flatly rounded with ontogeny
	5

	
	Irregular
	6

	
	Folds expressed through valve
	7

	
	Absent
	8

	
	Flatly rounded to absent with ontogeny
	9

	2
	Right valve commarginal rib shape
	

	
	Flatly rounded
	0

	
	Highly rounded
	1

	
	Wedge shaped
	2

	
	From wedge shaped to rounded with ontogeny
	3

	
	Irregular
	4

	
	Folds expressed through valve
	5

	
	Absent
	6

	
	Closely spaced and flatly rounded to widely spaced, higher and flatly rounded with ontogeny
	7

	3
	Commarginal rib width relative to interspaces (left valve)
	

	
	Ribs < interspaces
	0

	
	Ribs > interspaces
	1

	
	Absent
	-

	4
	Commarginal rib width relative to interspaces (right valve)
	

	
	Ribs < interspaces
	0

	
	Ribs > interspaces
	1

	
	From ribs < interspaces to ribs > interspaces with ontogeny
	2

	
	Absent
	-

	5
	Commarginal ribs at posterior ridge (left valve)
	

	
	No change in expression
	0

	
	Some flattening
	1

	
	Die out before reaching posterior ridge
	2

	
	Absent
	-

	6
	Commarginal ribs at posterior ridge (right valve)
	

	
	No change in expression
	0

	
	Some flattening
	1

	
	Die out before reaching posterior ridge
	2

	
	No change in expression to some flattening with ontogeny
	3

	
	Absent
	-

	7
	Distribution of radial striae across left valve
	

	
	Decrease in number toward anterior
	0

	
	Evenly spaced across surface
	1

	
	Across valve in early growth, limited to area just anterior of posterior ridge in later growth
	2

	
	Across nepioconch
	3

	
	Absent
	4

	
	Behind lunule and along ventral half of valve
	5

	
	Absent on nepioconch, in middle of valve in later growth
	6

	8
	Distribution of radial striae across right valve
	

	
	Decrease in number toward anterior
	0

	
	Evenly spaced across surface
	1

	
	Across valve in early growth, limited to area just anterior of posterior ridge in later growth
	2

	
	Across nepioconch
	3

	
	Absent
	4

	9
	Radial ribs left valve
	

	
	Sharp and distinctly beaded
	0

	
	Fine, subdued and indistinctly beaded
	1

	
	Strong, not beaded
	2

	
	Fine and distinctly beaded on nepioconch, thick and not beaded on post-nepionic growth
	3

	
	Absent
	-

	10
	Radial ribs right valve
	

	
	Sharp and distinctly beaded
	0

	
	Fine, subdued and indistinctly beaded
	1

	
	Absent
	-

	11
	Posterior ridge expression (left valve)
	

	
	Indistinct
	0

	
	Low rounded
	1

	
	High rounded
	2

	
	High and sharp
	3

	
	Absent
	4

	
	From highly rounded to low rounded
	5

	
	Sharp on nepioconch, low rounded otherwise
	6

	12
	Posterior ridge expression (right valve)
	

	
	Indistinct
	0

	
	Low rounded
	1

	
	High rounded 
	2

	
	High and sharp
	3

	
	Absent
	4

	13
	Left-valve posterior ridge
	

	
	Intersects ventral margin
	0

	
	Dies out before reaching ventral margin
	1

	
	Absent
	-

	14
	Right-valve posterior ridge
	

	
	Intersects ventral margin
	0

	
	Dies out before reaching ventral margin
	1

	
	Absent
	-

	15
	Commarginal ornament on posterior slope of left valve continuous with
	

	
	Ribs anterior of posterior ridge 
	0

	
	Straie anterior of posterior ridge
	1

	
	Ribs on nepioconch, striae on post-nepionic growth
	2

	16
	Commarginal ribs on posterior slope of right valve continuous with
	

	
	Ribs anterior of posterior ridge
	0

	
	Striae anterior of posterior ridge 
	1

	17
	Sharpness of ornament on posterior slope of left valve
	

	
	Sharp 
	0

	
	Low 
	1

	
	Sharp to low with ontogeny
	2

	18
	Sharpness of ornament on posterior slope of right valve 
	

	
	Sharp 
	0

	
	Low 
	1

	
	Sharp to low with ontogeny
	2

	19
	Escutcheon ridge expression of left valve
	

	
	Rounded and indistinct
	0

	
	Sharp and high
	1

	
	Absent
	2

	20
	Escutcheon ridge expression of right valve
	

	
	Rounded and indistinct
	0

	
	Sharp and high
	1

	
	Absent
	2

	21
	Escutcheon symmetry
	

	
	Symmetrical in left and right valve
	0

	
	Larger in left valve
	1

	
	Larger in right valve
	2

	
	Absent
	-

	22
	Lunular area right valve
	

	
	Absent
	0

	
	Area with indistinct margin present, but not a true lunule
	1

	
	Area with distinct margin present, but not a true lunule
	2

	
	Pit present in lunular area
	3

	23
	Lunular area left valve
	

	
	Absent
	0

	
	Area with indistinct margin present, but not a true lunule 
	1

	
	Area with distinct margin present, but not a true lunule 
	2

	
	Pit present in lunular area 
	3

	24
	Orientation of beak and umbo (right valve)
	

	
	Both prosogyrate
	0

	
	Both orthogyrate
	1

	
	Beak prosogyrate, umbo orthogyrate
	2

	
	Both opisthogyrate
	3

	25
	Orientation of beak and umbo (left valve)
	

	
	Both prosogyrate
	0

	
	Both orthogyrate
	1

	
	Beak prosogyrate, umbo orthogyrate
	2

	
	Both opisthogyrate
	3

	
	Beak prosogyrate, umbo opisthogyrate
	4

	26
	Left-valve shape
	

	
	Equi-subtriangular
	0

	
	Ovate with midline umbo
	1

	
	Ovate triangular (‘tear drop’)
	2

	
	Rounded subtrapezoidal
	3

	
	Right triangle cordate
	4

	
	Elongate right angle cordate
	5

	
	Kidney shaped/elongate inequi-subtriangular
	6

	
	Posteriorly truncated/anteriorly produced ovate
	7

	
	Bilobed elongate
	8

	
	Subcircular
	9

	
	Elongate ovate, umbo anterior of midline
	A

	
	Donaciform
	B

	
	Subtriangular, umbo near anterior
	C

	27
	Right-valve shape
	

	
	Equi-subtriangular
	0

	
	Ovate with midline umbo
	1

	
	Ovate triangular (‘tear drop’)
	2

	
	Rounded subtrapezoidal
	3

	
	Right triangle cordate
	4

	
	Elongate right angle cordate
	5

	
	Kidney shaped/bilobed elongate inequi-subtriangular
	6

	
	Posteriorly truncated/anteriorly produced ovate
	7

	
	Bilobed elongate
	8

	
	Subcircular
	9

	
	Elongate ovate, umbo anterior of midline
	A

	
	Donaciform
	B

	
	Subtriangular, umbo near anterior
	C

	28
	Left-valve posterior
	

	
	Pointed
	0

	
	Bluntly pointed 
	1

	
	Bluntly truncated
	2

	
	Rounded
	3

	
	Highly extended
	4

	
	Strongly truncated
	5

	29
	Right-valve posterior
	

	
	Pointed
	0

	
	Bluntly pointed 
	1

	
	Bluntly truncated
	2

	
	Rounded 
	3

	
	Highly extended
	4

	
	Strongly truncated
	5

	30
	Left and right valve size and inflation
	

	
	Equal
	0

	
	Subequal
	1

	
	Moderate inflation left valve; highly inflated right valve
	2

	
	Low inflation left valve; highly inflated right valve
	3

	
	Concave left valve, convex right valve
	4

	31
	Midvalve depression left valve
	

	
	Broad dorsal/ventral depression below beaks/at midvalve
	0

	
	Gentle dorsal/ventral fold anterior of to below umbo
	1

	
	Absent
	2

	32
	Midvalve depression right valve
	

	
	Broad dorsal/ventral depression below beaks/at midvalve
	0

	
	Gentle dorsal/ventral fold anterior of to below umbo
	1

	
	Sharp dorsal/ventral fold anterior of umbo
	2

	
	Absent
	3

	33
	Dorsal/Ventral depression anterior of posterior ridge (left valve)
	

	
	Present and parallel to posterior ridge
	0

	
	Present, running dorso-ventrally at posterior adductor
	1

	
	Absent
	2

	34
	Dorsal/Ventral depression anterior of posterior ridge (right valve)
	

	
	Present and parallel to posterior ridge
	0

	
	Present, running dorso-ventrally at posterior adductor
	1

	
	Absent
	2

	35
	Depression on posterior slope (left valve)
	

	
	Parallel to posterior ridge
	0

	
	Absent
	1

	36
	Depression on posterior slope (right valve)
	

	
	Parallel to posterior ridge
	0

	
	Absent
	1

	37
	Maximum shell length
	

	
	< 12 mm long
	0

	
	15 - 20 mm long
	1

	
	> 25 mm long
	2

	38
	Left valve commissure
	

	
	Planar
	0

	
	Concave
	1

	
	Higher/deeper on posterior ventral, with small stepped transition
	2

	
	Undulating, most convex at midvalve
	3

	
	Strongly stepped or sinuous (anterior deeper) 
	4

	
	Sinuous (posterior deeper)
	5

	39
	Right valve commissure
	

	
	Planar
	0

	
	Concave
	1

	
	Stepped or sinuous (posterior deeper)
	2

	
	Sinuous (anterior deeper)
	3

	40
	Rostrum margin (left valve)
	

	
	Rostral surface smooth, margin smooth
	0

	
	Rostral surface shows placement of siphons, margin smooth
	1

	
	Rostral surface shows placement of siphons, margin hummocky
	2

	41
	Rostrum margin (right valve)
	

	
	Rostral surface smooth, margin smooth
	0

	
	Rostral surface shows placement of siphons, margin smooth
	1

	
	Rostral surface shows placement of siphons, margin hummocky
	2

	42
	Beak in right valve
	

	
	Extends past hinge area
	0

	
	Does not extend past hinge area
	1

	43
	Viewed dorsally, hinge plate in right valve
	

	
	Straight 
	0

	
	Recessed at lunule 
	1

	
	Recessed at resilifer 
	2

	
	Produced at umbo
	3

	
	Produced at resilifer with alate projection
	4

	44
	Sinuosity of left valve hinge plate
	

	
	Not to slightly sinuous
	0

	
	Strongly sinuous, recessed ventrally at lunule
	1

	
	Sinuous, recessed dorsally at chondrophore 
	2

	
	Sinuous, recessed anterior of hinge and at chondrophore
	3

	
	Sinuous, recessed at cardinal socket
	4

	
	Sinuous, recessed at resilifer
	5

	45
	Sinuosity of right valve hinge plate
	

	
	Not to slightly sinuous
	0

	
	Strongly sinuous, recessed ventrally at lunule 
	1

	
	Sinuous, recessed dorsally at resilifer 
	2

	
	Sinuous, recessed at tooth position and to a lesser extend at resilifer
	3

	
	Sinuous, recessed anterior and posterior of tooth
	4

	
	Absent
	5

	46
	 Hinge plate angle relative to anterior-posterior axis in left valve 
	

	
	Horizontal 
	0

	
	Posterior up 
	1

	
	Anterior up 
	2

	47
	Hinge plate angle relative to anterior-posterior axis in right valve
	

	
	Horizontal 
	0

	
	Posterior up
	1

	
	Anterior up 
	2

	
	Absent
	-

	48
	 Hinge plate in left valve highest
	

	
	Anterior of socket 
	0

	
	At chondrophore
	1

	
	Posterior of chondrophore 
	2

	
	Either side of hinge 
	3

	
	At socket/pseudosocket
	4

	
	At resilifer
	5

	49
	Hinge plate in right valve highest
	

	
	At resilifer
	0

	
	Anterior of tooth 
	1

	
	At posterior end of hinge plate
	2

	
	Either side of tooth
	3

	
	At tooth position
	4

	
	From resilifer to below posterior point of umbo
	5

	
	Absent
	-

	50
	Ligament attachment
	

	
	Internal; resilifer pits in both valves
	0

	
	Internal; chondrophore in left valve, resilifer pit in right valve
	1

	51
	Number of ridges on upper surface of chondrophore (left valve)
	

	
	Two 
	0

	
	Three 
	1

	
	Resilifer rather than chondrophore
	-

	52
	Most prominent ridge on upper surface of chondrophore  (left valve)
	

	
	Posterior 
	0

	
	Middle 
	1

	
	Absent
	-

	53
	Chondrophore projects  (left valve)
	

	
	Slightly past valve edge posterior of chondrophore, but is flush with valve edge anterior of socket
	0

	
	Beyond commissure 
	1

	
	Does not project
	2

	
	Absent
	-

	54
	Shape of chondrophore's outer edge viewed dorsally (left valve)
	

	
	Straight 
	0

	
	V-shape 
	1

	
	S-shaped 
	2

	
	Rounded or U-shaped
	3

	
	W-shaped
	4

	
	Absent
	-

	55
	Knob on posterior ridge of chondrophore (left valve)
	

	
	Present, small 
	0

	
	Present, large 
	1

	
	Forms broad ridge
	2

	
	Absent 
	3

	
	Narrow ridge
	4

	
	No chondrophore
	-

	56
	Ridges and furrows on upper surface chondrophore  (left valve)
	

	
	Low to moderate relief 
	0

	
	Strong relief 
	1

	
	Absent
	-

	57
	Proximal-distal shape and angle of chondrophore (left valve)
	

	
	Downward angle and planar; perpendicular to commissure
	0

	
	High downward angle proximally, upturned distally (scoop shaped); perpendicular to commissure
	1

	
	Horizontal and planar with upturned end; perpendicular to commissure
	2

	
	Trough shaped; directly posteriorly
	3

	
	Scoop shaped; directly ventro-posteriorly
	4

	
	Reduced, planar; directed posteriorly 
	5

	
	Absent
	-

	58
	Cardinal teeth
	

	
	One in right valve only
	0

	
	Absent
	1

	
	Thickening of dorsal margin acts as 'cardinal' tooth
	2

	
	Two in each valve
	3

	59
	Cardinal socket(s) angle relative to anterior-posterior axis (left valve) or pseudocardinal socket
	

	
	Horizontal
	0

	
	Anterior up
	1

	
	Posterior up 
	2

	
	Absent
	-

	60
	 Hinge plate behind cardinal socket(s) (left valve) or pseudocardinal socket
	

	
	Present 
	0

	
	Absent 
	1

	
	Hinge plate but no socket, or no hinge plate
	-

	61
	Lateral walls of cardinal socket(s) (left valve)
	

	
	Do not wrap around socket opening 
	0

	
	Wrap slightly around both anterior and posterior sides 
	1

	
	Wrap strongly around both anterior and posterior sides 
	2

	
	Wrap around anterior side only 
	3

	
	Wrap slightly around anterior side; chondrophore partially overlaps posterior side
	4

	
	Flanked by teeth
	5

	
	Absent
	-

	62
	Cardinal tooth/teeth or pseudocardinal and beak (right valve)
	

	
	Tip of tooth and beak far apart 
	0

	
	Tip and beak closely spaced but tooth below beak
	1

	
	Tip and beak overlap so that distal tip of tooth above beak
	2

	
	Tooth emerges from space directly below beak (no space, no overlap)
	3

	
	Absent
	-

	63
	Cardinal tooth/teeth or pseudocardinal tooth angle relative to anterior-posterior axis (right valve)
	

	
	Horizontal 
	0

	
	Posterior up 
	1

	
	Anterior up 
	2

	
	Absent
	-

	64
	Cardinal tooth/teeth or pseudocardinal tooth position relative to beak (right valve)
	

	
	Directly below beak 
	0

	
	Below and posterior of beak 
	1

	
	Below and anterior of beak
	2

	
	No tooth
	-

	65
	Cardinal or pseduocardinal tooth/teeth projects (right valve)
	

	
	Tip does not project beyond beak
	0

	
	Tip projects beyond beak
	1

	
	Base only projects beyond beak
	2

	
	Absent
	-

	66
	Cardinal tooth/teeth shape
	

	
	Triangular, shallow hook shape
	0

	
	Triangular, deep hook shape
	1

	
	Rectangular, not hooked
	2

	
	Massive square, deep hook shape
	3

	
	Triangular, not hooked
	4

	
	Triangular ridge
	5

	
	Thin linear ridges both valves
	6

	
	Absent
	-

	67
	Cardinal tooth angle symmetry (right valve)
	

	
	Equal sides 
	0

	
	Shorter, steeper anterior
	1

	
	Shorter, steeper posterior
	2

	
	Absent
	-

	68
	Anterior lateral teeth
	

	
	Present
	0

	
	Absent
	1

	69
	Posterior lateral dentition
	

	
	Absent
	0

	
	Lateral tooth-like triangular depression just behind chondrophore
	1

	
	Linear lateral tooth-like depression, but functions to receive left valve margin rather than tooth
	2

	
	Posterior lateral teeth present
	3

	70
	Dorsal margin worn/eroded near beak (left valve)
	

	
	At top of resilifer
	0

	
	Absent
	1

	71
	Dorsal margin worn/eroded near beak (right valve)
	

	
	At top of resilifer
	0

	
	Above tooth and slightly posterior of tooth
	1

	
	Absent
	2

	72
	Resilifer pit (right valve)
	

	
	On front surface of hinge plate, parallel to commissure
	0

	
	On front surface of hinge plate but oriented at an oblique angle to hinge plate
	1

	
	Under beak, on lower surface of hinge plate, not scooped 
	2

	
	Proximally under beak, distally scoop shaped
	3

	
	Under beak, oblique angle to hinge plate
	4

	73
	Resilifer pit subdivided (right valve)
	

	
	By vertical wall
	0

	
	To form alate pseudonymph
	1

	
	Into strongly concave floor with posterior end forming a tooth-like ridge that is smaller than cardinal and without triangular shape
	2

	
	By a two level ventral floor, lower level for ligament attachment, shallower level for ‘tooth’ like knob on posterior end of the chondrophore
	3

	
	No, not subdivided
	4

	74
	Trough on right valve hinge plate for reception of left valve margin
	

	
	On front surface of hinge plate
	0

	
	On lower surface of hinge plate
	1

	
	On front surface anterior of hinge, on lower surface posterior of hinge
	2

	
	Absent
	3

	75
	Extent of trough in right valve margin for reception of left valve margin
	

	
	Around entire valve 
	0

	
	Present from ventral margin of anterior adductor muscle scar around hinge to ventral point of escutcheon
	1

	
	Present on all but posterior margin 
	2

	
	Present on all but anteroventral margin 
	3

	
	Absent
	-

	76
	Angle of pallial line in left and right valves relative to anterior-posterior axis
	

	
	Oblique (higher anterior, lower posterior)
	0

	
	Parallel
	1

	77
	Pallial line in left and right valves
	

	
	Sinuous 
	0

	
	Straight 
	1

	78
	Orientation of pallial sinus in left and right valves
	

	
	Perpendicular to anterior-posterior axis 
	0

	
	Oblique to anterior-posterior axis 
	1

	79
	Pallial sinus intersects posterior adductor muscle scar in left and right valves
	

	
	At midscar
	0

	
	At anteroventral point of scar
	1

	
	Along lower anterior edge of scar 
	2

	
	Midway up anterior side of scar
	3

	80
	Expression of pallial sinus in left valve
	

	
	No invagination 
	0

	
	Does not extend to anterior edge of posterior adductor muscle scar 
	1

	
	Extends to anterior edge of posterior adductor muscle scar  
	2

	
	Extends beyond anterior edge of posterior adductor muscle scar 
	3

	
	Deep
	4

	81
	Expression of pallial sinus in right valve
	

	
	No invagination 
	0

	
	Does not extend to anterior edge of posterior adductor muscle scar 
	1

	
	Extends to anterior edge of posterior adductor muscle scar
	2

	
	Extends beyond anterior edge of posterior adductor muscle scar
	3

	
	Deep 
	4

	82
	Orientation of anterior adductor muscle scar relative to commissure (left valve)
	

	
	Low oblique angle 
	0

	
	Moderate angle
	1

	
	High oblique angle to nearly perpendicular 
	2

	83
	Orientation of anterior adductor muscle scar relative to commissure (right valve)
	

	
	Low oblique angle 
	0

	
	Moderate angle
	1

	
	High oblique angle to nearly perpendicular 
	2

	84
	Anterior adductor muscle scar of left and right valves
	

	
	Not embedded in valve wall 
	0

	
	Slightly embedded in valve wall 
	1

	
	Deeply embedded in valve wall 
	2

	
	Recessed within pit
	3

	85
	Orientation of posterior adductor muscle scar relative to commissure in left valve
	

	
	Low oblique angle 
	0

	
	Moderate angle 
	1

	
	High oblique angle to nearly perpendicular
	2

	
	Low oblique angle, on platform
	3

	86
	Orientation of posterior adductor muscle scar relative to commissure in right valve
	

	
	Low oblique angle 
	0

	
	Moderate angle 
	1

	
	High oblique angle to nearly perpendicular 
	2

	
	Low oblique angle, on platform
	3

	87
	Posterior adductor muscle scar of left valve
	

	
	Not embedded in valve wall 
	0

	
	Slightly embedded in valve wall 
	1

	
	Deeply embedded in valve wall 
	2

	88
	Posterior adductor muscle scar of right valve
	

	
	Not embedded in valve wall 
	0

	
	Slightly embedded in valve wall 
	1

	
	Deeply embedded in valve wall
	2


Table S4. Tally of missing data in the genus-level matrix. Characters that are not applicable include traits not present in a taxon (e.g., no commarginal ribs). See Characters section for details on how these characters were coded so as  not to introduce redundancy into the matrix. Unknown character states are those where the character is present (or likely present), but its character state could not be determined because it was unobservable in the material used for coding. PAUP* treats both types of missing data the same, and a sum of both not-applicable characters and unknown character states, therefore, also is provided.

	Taxon
	Number of not-applicable

characters
	Percent of not-applicable characters
	Number of unknown character states
	Percent of unknown character states
	Total number of missing characters
	Total percent of missing characters

	Concentricavalva concentrica
	11
	12.5
	29
	33
	40
	45.5

	Corbulomima nuciformis
	0
	--
	19
	21.6
	19
	21.6

	Pachyrotunda rotundata
	9
	10.2
	9
	10.2
	18
	20.5

	Ursirivus pyriformis
	2
	2.3
	13
	14.8
	15
	17.0

	Tiza alta
	4
	4.5
	10
	11.3
	14
	15.9

	Anticorbula sinuosum
	11
	12.5
	0
	--
	11
	12.5

	Anticorbula sp.
	11
	12.5
	0
	--
	11
	12.5

	Corbulamella gregaria
	2
	2.3
	7
	8
	9
	10.2

	Panamicorbula ventricosa
	6
	6.8
	0
	--
	6
	6.8

	Ostomya papyria
	6
	6.8
	0
	--
	6
	6.8

	Ostomya sp.
	6
	6.8
	0
	--
	6
	6.8

	Pachydon mactriformis
	6
	6.8
	0
	--
	6
	6.8

	Exallocorbula dispar
	5
	5.7
	0
	--
	5
	5.7

	Corbula cotuhensis 
	4
	4.5
	1
	1.1
	5
	5.7

	Erodona mactroides
	5
	5.7
	0
	--
	5
	5.7

	Potamocorbula amurensis
	5
	5.7
	0
	--
	5
	5.7

	Lentidium mediterraneum
	4
	4.5
	0
	--
	4
	4.5

	Pachydon obliquus
	4
	4.5
	0
	--
	4
	4.5

	Caestocorbula gerardi
	1
	1.1
	0
	--
	1
	1.1

	Bothrocorbula sp. cf. B. viminea
	0
	--
	0
	--
	0
	--

	Caryocorbula alabamiensis
	0
	--
	0
	--
	0
	--

	Corbula sulcata
	0
	--
	0
	--
	0
	--

	Corbula speciosa
	0
	--
	0
	--
	0
	--

	Juliacorbula cubaniana
	0
	--
	0
	--
	0
	--

	Notocorbula vicaria
	0
	--
	0
	--
	0
	--

	Vokesula disparilis
	0
	--
	0
	--
	0
	--

	Mya arenaria
	21
	23.9
	0
	--
	21
	23.9

	Mesodesma corneum
	17
	19.3
	0
	--
	17
	19.3


Taxon Jackknife Analysis Methods
In a taxon jackknife procedure for the genus-level analyses (see Cobbett et al. 2007), each taxon was deleted in turn and a phylogenetic analysis conducted (i.e., a priori taxon deletion). To compare MPTs resulting from a priori vs. a posteriori (MPTs from the full genus-level analysis with appropriate taxon pruned) deletion, we recorded the following metrics: number of MPTs; number of nodes in the strict and Adams consensus trees (and the difference between these values); tree length (TL); consistency index with (CI) and without (CI´) uninformative character states; retention index (RI); stratigraphic consistency index (SCI) of Huelsenbeck (1994); and maximum and minimum values for maximum agreement subtrees (DMax and DMin). A maximum agreement subtree (MAS) of two trees is the pruned subtree matching the topology of both original trees (i.e., taxa causing conflict between trees are pruned). The metric D, the number of taxa removed to produce the MAS, is used to determine the degree of agreement between sets of trees. We compared the full suite of MPTs from each jackknife iteration with the appropriately pruned four MPTs from the original genus-level analysis and recorded Dmax (the greatest number of deletions required to match any pair of MPTs) and Dmin (the smallest number of deletions required). MASs were reconstructed and Dmax and Dmin calculated using the software COMPONENT (Page 1993).  

Genus-level Analyses Results: Character State Support for Freshwater Nodes

Analysis of the genus-level matrix produced 4 MPTs, with most freshwater genera falling at or near the base of the ingroup (Fig. 3 of main text). Character states (for characters with CI ≥ 0.5) supporting the core freshwater clade (CFC) include indistinct posterior (characters 11, 12) and escutcheon ridges (characters 19, 20); modifications and reorientation of the chondrophore to form a internal pseudonymph (characters 54, 57); lateral walls of the cardinal socket that wrap slightly around the socket entrance (character 61); a small shallow hooked cardinal tooth (character 66, highly modified in both Pachydon spp. and Anticorbula spp.); and a relatively deep pallial sinus (characters 80, 81). 
Within the CFC, the node supporting a sister-group relationship between the two Anticorbula species is particularly robust, and these taxa share character states describing their ribs (characters 1, 2, 15, 16), aspects of valve shape that may reflect their nestling habit (characters 26, 27, 31, 38, 39), loss of the cardinal tooth (character 58), middle ridge of the chondrophore that is most prominent (character 52), and the trough on the right valve for reception of left valve margin located on the ventral surface of the hinge plate (character 74).
Two genera (Exallocorbula and Pachyrotunda) and the Pebasian brackish-water Corbula cotuhensis occur in more derived positions on the strict consensus tree. Corbula cotuhensis, from brackish-water horizons representing marine-incursion intervals in the Pebas Formation, occupies a basal position within the Corbula subclade, with this node most strongly supported (CI ≥ 0.5) by chondrophore morphology (especially character 54). Exallocorbula occupies a derived position as sister to the Cretaceous brackish-water Ursirivus in the Ursirivus subclade. Derived character states shared by these two genera relate to a number of characters describing aspects of the valve posterior, including an indistinct posterior ridge (character 11) and a parallel depression anterior to it (character 34); a sharp, high escutcheon ridge in the right valve  (character 20); and a truncated left valve posterior (character 28). Pachyrotunda occurs basally in the clade that includes the Bothrocorbula, Juliacorbula, Corbula, and Ursirivus subclades, either as a sister to Panamicorbula or branching off sequentially (Panamicorbula more derived than Pachyrotunda). Among the four MPT trees, the positions of three taxa are unstable (Ostomya papyria, Pachyrotunda and Panamicorbula; Fig. 3) and, not surprisingly, characters supporting their placements have low CIs (i.e., high inferred homoplasy). 

Taxon Jackknife Analysis Results
On the basis of Dmin values, deletion of most taxa individually has minimal effect on tree topology and stability (Dmin  ≤ 2). In fact, all analysis that returned four MPTs (i.e., those without Corbulomima, Corbula sulcata, C. speciosa, Erodona, or Anticorbula sinuosum), the one MPT recovered when Concentricavalva was deleted, and the two MPTs from the deletion of Pachydon obliquus had topologies equivalent to those from the full analysis. In addition, deletion of Pachyrotunda resulted in the rearrangement only of Ursirivus to a position basal to the Bothrocorbula subclade + Juliacorbula subclade. 
Some tree configurations diverge from those of the full analysis, however, as seen in the range of D values reported in Table S5. The eight MPTs from the iteration excluding Panamicorbula are used here as exemplars for the range of these variant topologies (Fig. S1). In Figure S1, the CFC occurs as a subclade in six of eight MPTs, but in four different positions (Figs. S1A, S1D-S1H). In addition, internal topology and membership of the CFC is altered in one of these MPTs (Fig. S1F). Further, the CFC forms a paraphyletic grade basal to a primarily marine subclade in two MPTs (Figs. S1B, S1C). Concentricavalva occurs either at the base of the ingroup (Figs. S1B-S1D, S1F) or as a sister to Pachyrotunda at midlevels of the MPTs (Figs. S1A, S1E, S1G, S1H). Pachyrotunda most often occurs at about the same position in the MPTs as in the full analysis, with or without Concentricavalva as a sister taxon (Figs. S1A-S1E, S1G, S1H). Pachyrotunda, however, also can fall with the CFC when this subclade is in a derived position as sister to the Bothrocorbula subclade (Fig. S1F). Exallocorbula maintains a position basal to a subclade or grade containing Juliacorbula, Corbulomima, Corbulamella and Ursirivus, except in one MPT, where it is basal to a subclade containing Corbula sulcata, C. speciosa, Notocorbula, Caestocorbula and Tiza (Fig. S1H). The position of Ostomya papyria is variable among MPTs, but typically falls within the CFC (Fig. S1F) or one node above or below it (Fig. S1A–E,H). In one MPT, however, O. papyria is sister to Concentricavalva + Pachyrotunda (Fig. S1G). Corbula cotuhensis occurs in three primary positions among the eight MPTs. This species may be basal to a clade containing (1) members of the Corbula, Juliacorbula, and Ursirivus subclades (Fig. S1B–D), (2) the taxa mentioned above plus the Bothrocorbula subclade (Fig. S1A,E,G,H), or (3) all taxa mentioned above as well as the CFC, Ostomya papyria, and Pachyrotunda (Fig. S1F).

In implementing taxon jackknife analyses, we found that the metrics tallied to evaluate the effect of a priori deletion of each taxon on tree stability typically were not consistent, which makes results of the analysis difficult to interpret. For example, if Vokesula is deleted, MPTs increase from 4 to 46, indicating a reduction in informative characters and/or increase in character conflict when this taxon is removed (i.e., indicating that stability increases when the taxon is included). Despite the large number of MPTs, however, the number of nodes preserved on the Adams and strict consensus tree remain relatively high, and D values indicate that the topologies for these MPTs are generally similar to those in the full genus-level analysis (i.e., deletion does not have a large effect on topology). In addition, CI, CI´, and RI values indicate that by eliminating Vokesula, homoplasy decreases and more character states change at internal nodes rather than along terminal branches (i.e., indicating that stability decreases when the taxon is included). The likely cause of this conflict among metrics is that each assesses different aspects of phylogenetic results including (1) resolution (e.g., number of MPTs or number of nodes on consensus trees), (2) various proxies for homoplasy (e.g., TL, CI, and CI´), (3) distribution of character state changes within trees (i.e., RI), (4) agreement with stratigraphic first appearances (SCI), and (5) agreement among trees (e.g., Dmin and Dmax across jackknife iterations; number of nodes on consensus trees for MPTs within an iteration). 
Table S5. Results of taxon jackknife analysis. MPT = number of most parsimonious trees; Nodes Adams = Number of nodes on Adams consensus tree; Nodes Strict = Number of nodes on strict consensus tree; TL = tree length; CI = consistency index; CI´ = consistency index excluding uninformative data; RI = retention index; SCI = stratigraphic consistency index; Dmax = maximum number of taxa removed to produce maximum agreement subtree (MAS) between the MPTs produced by a priori vs. a posteriori deletion of a taxon; Dmin = minimum number of nodes removed to produce MAS between the MPTs produced by a priori vs. a posteriori deletion of a taxon. For each metric, a nonparametric 95% confidence interval was computed using the Sign Test. Those values falling outside that CI, and whether that value would indicate inclusion (in box) or exclusion (shaded), are noted for each taxon.

	Taxon deleted
	MPT
	Nodes Adams
	Nodes Strict
	TL
	CI
	CI´
	RI
	SCI
	Dmax
	Dmin

	None


	4
	23
	23
	604
	0.416
	0.412
	0.470
	0.500
	
	

	Bothrocorbula sp. cf. B. viminea
	1
	24
	24
	572
	0.418
	0.415
	0.471
	0.391
	10
	8

	Caryocorbula alabamiensis
	1
	24
	24
	584
	0.428
	0.424
	0.471
	0.348
	9
	8

	Notocorbula vicaria
	1
	24
	24
	586
	0.425
	0.421
	0.463
	0.391
	14
	14

	Pachyrotunda rotundata
	1
	24
	24
	589
	0.426
	0.422
	0.475
	0.435
	2
	1

	Concentricavalva concentrica
	1
	24
	24
	585
	0.419
	0.415
	0.475
	0.478
	2
	0

	Tiza alta
	2
	20
	12
	585
	0.424
	0.416
	0.475
	0.546
	15
	6

	Pachydon obliquus
	2
	23
	23
	580
	0.429
	0.425
	0.477
	0.500
	2
	0

	Ursirivus pyriformis
	3
	20
	18
	582
	0.424
	0.420
	0.475
	0.471
	8
	2

	Pachydon mactriformis
	3
	18
	9
	588
	0.422
	0.418
	0.470
	0.750
	11
	7

	Corbulomima nuciformis
	4
	22
	22
	583
	0.424
	0.420
	0.468
	0.619
	2
	0

	Corbula sulcata
	4
	22
	22
	595
	0.422
	0.418
	0.443
	0.476
	2
	0

	Corbula speciosa
	4
	22
	22
	593
	0.420
	0.416
	0.452
	0.476
	2
	0

	Erodona mactroides
	4
	22
	22
	583
	0.4310
	0.427
	0.472
	0.476
	2
	0

	Anticorbula sinuosum
	4
	22
	22
	600
	0.418
	0.414
	0.444
	0.476
	2
	0

	Juliacorbula cubaniana
	6
	19
	16
	577
	0.425
	0.421
	0.476
	0.467
	9
	5

	Corbulamella gregaria
	6
	17
	12
	590
	0.420
	0.416
	0.463
	0.636
	9
	0

	Panamicorbula ventricosa
	8
	16
	9
	591
	0.425
	0.421
	0.474
	0.750
	12
	5

	Ostomya papyria
	10
	15
	9
	587
	0.428
	0.424
	0.473
	0.875
	12
	6

	Ostomya sp.
	13
	17
	10
	589
	0.426
	0.422
	0.471
	0.778
	11
	2

	Caestocorbula gerardi
	14
	19
	14
	575
	0.426
	0.422
	0.477
	0.462
	6
	1

	Potamocorbula amurensis
	16
	13
	5
	591
	0.425
	0.421
	0.460
	0.750
	14
	5

	Anticorbula sp.
	18
	13
	6
	602
	0.417
	0.413
	0.441
	0.400
	15
	0

	Exallocorbula dispar
	21
	17
	9
	577
	0.426
	0.422
	0.481
	0.740
	9
	1

	Corbula cotuhensis
	26
	14
	7
	583
	0.429
	0.425
	0.478
	0.833
	8
	0

	Lentidium mediterraneum
	33
	10
	5
	585
	0.426
	0.423
	0.474
	1.000
	13
	3

	Vokesula disparilis
	45
	16
	10
	577
	0.430
	0.426
	0.481
	0.556
	10
	5
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Figure S1.—Eight MPTs resulting from a heuristic analysis of the genus-level dataset with Panamicorbula deleted a priori.

Figure S2.—One MPT from species-level analysis (i.e., Fig. 4 of main text) pruned to include only taxa from the genus-level matrix. Bootstrap and Bremer values are those from the full species-level analysis. Stripped box indicates position of core freshwater clade taxa.
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