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This section provides a comparison of the Wuda tuff flora with
similar preserved floras. A fossil flora that is similar in age and
appearance and which was similarly preserved in a white volcanic
tuff is the flora of the Döhlen Basin in Saxony, Germany (1, 2).
There, specimens were collected in underground mines and only
qualitative descriptions of plant communities were possible.
There are also distinct differences in the composition of the
floras (Table S1) that we interpret to be because of the bio-
geographic differences between the Cathaysian and Euramerican
paleophytogeographic realms. Fossil floras in the Czech Re-
public (3, 4) and Spain (5) show a similar preservation and were
studied with a similar approach, but those floras are Carbonif-
erous in age and, therefore, older. The same is true for floras
preserved in clastic material above suddenly drowned peat
swamps/coal seams (6, 7). A flora of similar early Permian age
preserved in a volcanic tuff is being excavated in Chemnitz,
Saxony, Germany (8). However, this forest was growing on tuff,
not on peat, near a volcano, was embedded in an ash flow, and
the plants were preserved by permineralization. The standing

forest reported from the Permian of Antarctica (9) represents
a totally different climatic belt.
Figs. S2–S6 show selected plant fossils of the floral elements of

each group of the peat-forming swamp forest buried in the Early
Permian volcanic tuff near Wuda, Inner Mongolia, China. Six
groups of plants make up this peat-forming vegetation. They
include lycopsids (Sigillaria cf. ichthyolepis), sphenopsids (Sphe-
nophyllum and Asterophyllites, a small Calamites), marattialean
tree ferns (a number species of Pecopteris), herbaceous ferns
(Nemejcopteris feminaeformis, Cladophlebis, and Sphenopteris),
Noeggerathiales (Tingia and Paratingia), cycadophytes (Samar-
opsis, Taeniopteris, and Pterophyllum), and coniferophytes (Cor-
daites). Five plates are shown to illustrate the exceptional
preservation of the fossil plants of the peat-forming swamp
forest. Our reconstructions for all plant individuals are based on
the specimens we found, which often include crowns, stems, or
branches with attached leaves. Several reconstructions confirm
previously published ones. The reconstructions of the noegger-
athialean Tingia and Paratingia are recent and are unique in
being shown in the context of their plant community.
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Fig. S1. Incremental increase in the number of new species encountered over an expanding area of the excavation. The first area counted was site 1 in the
southern part of the syncline, followed by sites 2 and 3 in the northern part of the syncline. The species-area curve levels off in the census in site 1 (ca. 135 m2),
rises again and levels off after an incorporation of the data of the site 2 (ca. 390 m2) and site 3 (ca. 592 m2).
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Fig. S2. Sphenopsids and lycopsids: Asterophyllites longifolius (A) and associated Paleostachya type strobili (B); Sphenophyllum oblongifolius (C) and asso-
ciated strobili (D); Sigillaria cf. ichthyolepis leaf (E), stem (F), and strobilus (G). (Scale bars, 2 cm in A, C, D, F, and G; 1 cm in B and E.)
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Fig. S3. Ferns. (A and B) Pecopteris sp. with sporangia of Asterotheca type; (C and D) Pecopteris hemitelioides with sporangia of Eoangiopteris type; (E and J–
K) Sphenopteris (Oligocarpia) gothanii; (F and G) Sphenopteris cf. tenuis; (H) Sphenopteris sp. 1; (I) Sphenopteris sp. 2 with abnormal pinnule (Aphlebia) at the
very base of each ultimate pinna, indicating the plant may be a liana. (Scale bars, 2 mm in A and C; 500 μm in B and D; 1 cm in E–J; 1 mm in K.)
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Fig. S4. Ferns. (A) Pecopteris cf. candolleana; (B) Nemejcopteris feminaeformis; (C) Pecopteris orientalis; (D) Pecopteris sp.; (E) Pecopteris lativenosa; (F)
Pecopteris arborescens with abnormal pinna (Aphlebia) at the base. (Scale bars, 2 cm in A–E; 3 cm in F.)
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Fig. S5. Noeggerathiales. (A–D) Tingia unita: (A) a crown with strobili and once pinnate compound leaves attached to the stem, (B) isolated strobilus, (C) leaf
with only large pinnules exposed, and (D) leaf with both large and small pinnules exposed; (E–H) Paratingia wudensis: (E) a crown with strobili and once
pinnate compound leaves attached to the stem, (F) leaf with only large pinnules exposed, and (G) with small pinnules exposed after degagement, (H) a number
of leaves likely attached to a common stem; (I and J) Paratingia sp.: (I) a crown with strobili and once pinnate compound leaves attached to the stem, (J) a leaf
with both large and small pinnules visible. (Scale bars, 3 cm in A and H; 1 cm B–D; 2 cm E–J.)
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Fig. S6. Cordaites and cycadophytes. Cordaites sp., (A) bunch of leaves and (B) reproductive organ; (C) Pterophyllum sp.; (D) a cluster of Samaropsis type of
seeds; and (E) Taeniopteris type leaves. (Scale bars, 2 cm in A and C–E; 1 cm in B.)
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Table S1. Comparison between earliest Permian peat-forming
floras from Wuda, Inner Mongolia, China, the Döhlen Basin in
Saxony, Germany, and Thuringia, Germany

Trees and scramblers Wuda Döhlen (1) Thuringia (2)

Trees
Sigillaria • — —

Calamites — • •
Pecopteris • • •
Noeggerathiales • — —

Pteridosperms — — —

Cordaites • • •
Scramblers

Nemejcopteris • • •
Sphenophyllum • • •

“•” And “—” represent present and absent in the flora, respectively.
Wuda data is reported in the present paper. For Döhlen Basin, see ref. 1,
p. 54; for Thuringia, see list reported on pages 159–160 of ref. 2.
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