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oooooo Psilotopsida
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— 00000000 Lycopt_)diaceae
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oooo B, Y:

00 (year) (year)

oooo Isoetaceae 3 68  0.07332 29328994 261
ooooo Marsiliaceae 9 67  0.04879 19514737 1254
oooooo Salviniaceae 10 10 0.07070 28278915 161
oooooooo Azollaceae 10 6 0.07720 30881499 1267
gooooo Polygonaceae 20-21 1000 0.01775 7101914 303
ooooo Ranunculaceae 16-19 2000  0.01465 5859098 0
oooo Trapaceae 25-29 15  0.03085 12341354 1755
oooooo Lamiaceae+Verbenaceae 29-33 580  0.00852 3406671 1214
ooooo Asteraceae 28-29 20000 0.00531 2124976 108
oooo Alismatales 17-19 249  0.02771 11085960 49
oooooo Najadales 17-19 205  0.02905 11618822 1782
ooooo Pontedariaceae 22-26 34 0.03003 12010897 802
ooooo Iridaceae 18-18 1400 0.01574 6297533 40
ooo Sparganiaceae 22-27 20 0.03147 12588373 24
oooooo Sparganiaceae 22-27 20 0.03147 12588373 139
ooooo Orchids 17-21 20115  0.00557 2226034 3
Total 9163
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Appendix: Phylogenetic Trees Used Here and Node Counting

For true ferns we assumed the tree below in Fig. 9 following Hasebe et al 1995 (p.146). The numbers of nodes
above Marsileaceae, Azollaceae and Salviniaceae are 9, 10 and 10 respectively.

oo0oooo0 pP————— Osmumdaceae
000000| 00 r—— Hymenophyllaceae
000000 r—4 r— Gleicheniaceae
oooooo| | OL4 - Matoniaceae
oooooo b4 oo L4 Dipteridaceae
0000000 -——— Schizacaceae
0000000 L4 O r— Marsileaceae
oooooooo| -4 r Azollaceae
oooooooo b4 L4 Salviniaceae
00000000 b—— other ferns

%) The families including the species in Table 2 are indicated by bold letters.

O 8: Phylogenetic tree for true ferns

We assumed the tree in Fig. 9 for the higher taxa of seed plants following Chase et al 1993. The numbers of
the nodes above cycads and Ginkho are 5 and 6 respectively, but the relationsihp among Pinaceae, other conifers
and the group of Gnetales and the flowering plants is unresolved, so the number of nodes above these taxa can be
7 or 8. Let us assume the former and the latter cases can occur at the probabilities of 1/3 and 2/3 respectively.
The number of nodes above the group consisting of Laurales, monocots, Magnoliales and paleoherb II may be,
therefore, 11 with the probability of 1/3 and 12 with the probability of 2/3. The relationship among Laurales,
monocots and {Magnoliales + paleoherb II} is also unresolved, so the number of nodes above monocots may be
12, 13 or 14. If we make the same assumption about the probabilities of the possible relationships within this
group as among Pinaceae, other conifers and {Gnetales and + flowering plants}, the probabilities of the number
of nodes above monocots being 12, 13 and 14 are 1/9, 4/9 adn 4/9 respectively. The possible number of nodes
above the taxa including the species listed in Table 2 is presented in brackets Fig 9 with their probabilities.

Within monocots we assume the tree shown in Fig. 9. Najas japonica in Table 1 and Table 2 belongs to
Najadaceae, which is not included in the phylogenetic trees presented by Chase et al 1993. We assume the
Najadales is in the position where Potamogetonaceae is in the tree of Chase et al. The number of nodes above
Najadales is 17 with the probability of 1/9, 18 with the probability of 4/9 or 19 with the probability of 4/9.

We chose Alismatales rather than Alismataceae as the upper taxon of Sagittaria aginashi, because all the other
families than Alismataceae in Alismatales are not included in the tree by Chase et al, which means the number
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oooood r——————————————— cycads

opoopof| r—————————————— Ginkgo
opopooo b p—m——————————— Pinaceae
ooopoooo| fp————————————— other conifers
opopooo b r———————————— Gnetales
gooopooog Y pPm—————————— Ceratophyllum

000000000 | 00000000 r—— paleoherb I
Joooooooobl{o0000o0o000]| r— Laurales
oooooooooo| r——————— 4 | — monocots[12(3),13(3), 14(3)]
0ooooooooo| | ooooooO b4 - Magnoliales
oooooooooobl4{oooo0o0o000 LL paleoherb IT

ooooooooood| rpP—m———————— ranunculids[11(3),12(2)]
oopooooopood b r———————— hamamelid I
ooooooooooog Y r—m—————— hamamelid II
0000000000000 Y r—————— Gunnera
oooooooooooooo bl r————— caryophyllids[15(3), 16(3)]

000000000000000 L4 000 r— rosid III
0000000000000000]| r——4 r rosid IT
D0oo000000000000 b4 00 L4 rosid I[18(3),19(3)]
00000000000000000]| r——— asterid V
00000000000000000 L4 r—— asterid IV
000000000000000000 L4 r— asterid III
0000000000000000000 Y4 r asterid II[20(3),21
00000000000000000000 L4 asterid I[20(3),21(

*) 0 The taxa including the species in Table O 2 are indicated by bold letters.

O 9: Phylogenetic tree for higher taxa of seed plants

of nodes above the family Alismataceae may be larger than that shown in the tree. The number of nodes above
Alismatales is 17 with the probability of 1/9, 18 with the probability of 4/9 or 19 with the probability of 4/9.

There are three unresolved relationships above Iridaceae. As a result, the number of nodes above it may be
18 with the probability of 1/243, 19 with 10/243, 20 with 40/243, 21 with 80/243, 22 with 80/243 or 23 with
32/243.

There are two unresolved relationships above Orchids. Accordingly, the number of nodes above it may be 17
with the probability of 1/81, 18 with 8/81, 19 with 24/81, 20 with 32/81 or 21 with 16/81. Three families are
included in Orchids. We chose this higher taxon than the family Orchidaceae because the number of nodes above
Orchidaceae, which includes Habenaria sagittifera, may be larger than that shown in the original tree of Chase
et al due to the lack of the other two families in the tree.

There is an unresolved relationship above commelinoids. As a result, the number of nodes above this taxon may
be 18 with the probability of 1/27, 19 with 6/27, 20 with 12/27 or 21 with 8/27. The tree within commelinoids
is presented in Fig. 9.

There is one unresolved relationship above Pontederiaceae and two unresolved relationships above Spargani-
aceae. The resulting posible numbers of nodes for them are presented in brackets in Fig. 9 with their probabilities.

There are 38 families that are not included in the tree of Chase et al other than the four families in Alismatales,
seven in Najadales and two in Orchids mentioned above. We assumed addition of these families does not affect
the number of nodes above the chosen upper taxa for the species listed in Table 2, i.e., these not included families
make a monophyletic clades with their adjacent families.

For ranunculids, caryophyllids, rosid I, asterid II and asterid I the inner phylogenetic trees are presented in
Figs. 99, 13, 9 and 9 respectively. The possible numbers above the upper taxa for the species listed in Table 2
are presented in brackets with their probabilities. Why those numbers are possible is explained in the notes to
the figures.
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o0 pr—————— Araceae 1 (Acorus)

00| 000 r—— Araceae 2 + Lemnaceae

00| r——4 r+ Najadales[17(3),18(3),19(3)
00| | 004 L Alismatales[17(3),18(3), 19(

)
)l
00| | 000 L— Melanthiaceae 1 (Pleea)

00 L4 r———— Melanthiaceae 2 (Aletris)
000 | 000 r Melanthiaceae 3 ( Veratrum, Chamaelirium)
ooo| | pr——+4 [Liliales other than Iridaceae and Orchids] + Smillacaceae

0o0d b4 | Or— Velloziaceae

0000 | r4 r Cyclanthaceae

oood]| | | L4 Pandanaceae

ooo0d b44 r+ Taccaceae

ooood| L4 L Dioscoreaceae

00000]| OL— commelinoids[18(5-),19(5),20(32),21(%)]

00000]| O r— Hypoxidaceae

00000 O] r Tecophilaceae

00000 L—44 Iridaceae(18(555), 19(a5): 20(a5s ), 21(2% ), 22( o), 23(22)]
ooooooo| L Asparagales other than Tecophilaceae and Hyposidaceae
0000000 L— Orchids[17(g;), 18(55), 19(31),20(22),21(£2)]

*) 0 The taxa including the species in Table O 2 are indicated by bold letters.

O 10: Phylogenetic tree for monocots

000 r——— Araceae
ooo| -—-— Zingiberales
000/ | O r Haemodoraceae

000 k4 r-L Philydraceae

000| L4 r Pontederiaceae[22(g;), 23(5),24(3),25(32),26(52))

000 OLL Commelinaceae

000 00 r Bromeliaceae

ooo| =4 Rapateaceae

oooLd0or Typhaceae

0000 r4 Sparganiaceae[22(53),23(5%), 24(55)> 25( 2% ), 26(2% ), 27(25)]
ogoogl4t Cyperales

00000 L— Poales 4 Eriocaulaceae

%) 0 The taxa including the species in Table 2 are indicated by bold letters.

O 11: Phylogenetic tree for commelinoids

00 r———— Papaverales

00| r——— Hamamelidales

00 L4 O r— Menispermaceae

000! r4 r Ranunculaceae [16(15),17(5%), 18(7%), 19(5%)]

000 b4 L4 Berbericaceae 1 (Caulophyllum)

0000 O L Berbericaceae 2 (Mahonia)

0000 L—— Lardizabalaceae

%) The taxa including the species in Table 2 are indicated by bold letters. The number of nodes above Ra-
nunculaceae was determined taking into account the existence of one unresolved relationship above it and the
possibility that Circaeasteraceae, which is not included in the tree by Chase et al 1993, may make a clade with
Ranunculaceae.

O 12: Phylogenetic tree for ranunculids

00 r———— Santalales

00| O r—— Droseraceae

00| r4 r— Nepentaceae

00 L4 L4 - Polygonaceae [20(3),21(2)]

000 OLL Plumbaginaceae

000 L——— Caryophyllales

*) The taxa including the species in Table 2 are indicated by bold letters.
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O 13: Phylogenetic tree for rosid I
000000 r— Geraniaceae
00 r———4 r Saxifragaceae
OO0l ogolt4d Greyiaceae
00| 000 r— Combretaceae
00| 00 r4 r Melastomataceae
ool ool L4 Vochysiaceae
00| r—4 r—— Myrtaceae
00| | OLY4 O r Punicaceae
00| | 00| r4 Trapaceae [25(2),26(22),27(11),28(31),29(3)]
00| | 0O b4 L Lythraceae
ool4oooLl-— Onagraceae
000| O r——— Oxalidaceae
000| O O r— Eucryphiaceae
000! 4 r4 L Cunoniaceae
oo0 L4 L4 L— Tremandraceae
0000 | OL—— Cephalotaceae
0000 L———— other rosid I
*) The taxa including the species in Table 2 are indicated by bold letters. The number of nodes above Trapaceae
was determined taking into account the possibility that Penaeaceae, Crypteromiaceae and Thymelaeaceae, which
are not included in the tree by Chase et al 1993, make a clade with Trapaceae.

O 14: Phylogenetic tree for caryophyllids

000000000 r— Aquifoliaceae

o0 pr—————— 1 r Grossulariaceae 1 (Phyllonoma)
00| 000000 L+ Cornaceae 1 (Helwingia)

00|l 0 rp—————— Grossulariaceae 2 (FEscallonia)
ool r{ r————-— Campanulaceae

00| | Y4 r———— Menyanthaceae 1 (Menyanthes)
ool |obtd r——— Menyanthaceae 2 ( Villarsia)

00bt400L{ r—— Cornaceae 2 (Corokia)

000| 000 L4 r— Asteraceae [28(3),29(2)]

000 Ooo0O L4 - Goodeniaceae

000| ooooo L4 Calyceraceae

ooolt——————— other asterid II

*) The taxa including the species in Table 2 are indicated by bold letters.

O 15: Phylogenetic tree for asterid II
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0000000000 r— Eucommiaceae

o0 prp——————— 4 r Garryaceae

00| oooooo0 b4 Cornaceae

00|l 0ooood r—— Loganiaceae 1 (Gelsemium)
o0l 00000 f4 ~— Loganiaceae 2 (Spigelia)
Oo0|l ooooo] L4 - Asclepiadaceae

od| r————4 0O LJ—Apocynaceae

00| | D000 L——+ Rubiaceae

O0| | DO0O0O0O0O00 L Gentianaceae

ol | rPm—————— Saxifragaceae

od| FH r—————-— Oleaceae

ool | Y4 r————-— Byblidaceae

ool |otd r———— Bignoniaceae

ool | oot r——— Buddlejaceae

00 Lt4 000 L r—— Pedaliaceae 1 (Proboscidea)

000 0000 | r+ Pedaliaceae 2 (Harpogophytum)

Oo00| oooO L4-4 L Pedaliaceae 3 (Sesamum)

000| 00000]| L— Lamiaceae + Verbenaceae [29(4 ), 30(5%), 31(32), 32(32), 33(2)]

O00| 00000 L—— other Scrophulariales

oool———————— other asterid I

%) The taxa including the species in Table 2 are indicated by bold letters. We chose Lamiaceae + Verbenaceae
as the upper taxon for Fusteralis vatabeana rather than Lamiaceae because they are not monophyletic in the tree
by Chase et al 1993. The number of nodes above Lamiaceae + Verbenaceae was determined taking into account
the existence of two unresolved relationships above it and the possibility that Lennoaceae, which is not included
in the tree by Chase et al 1993, makes a clade with Lamiaceae + Verbenaceae.
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O 16: Phylogenetic tree for asterid I
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