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Disarticulation and I e ST o Reconstructing fossil plants as once-living organisms
fragmentation is the norm! ic and sedi y Death and decay

FOSSIL PLANT + Fossil plants typically fragmentary in the
fossil record
Lepidostrobophyllum

Typical vascular land-plant consists of 1012
Lepidocarpon definable organs

Spermasporites
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Cyperites /
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For necessity, each part has its own name,
and reconstructed plants have their own
name

Flemingites

| Lepidostrobus

Finding one part does not necessarily mean
the fossil plant species had all the same
weowest | ycaspora parts

Lepidophloios
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5 stigmaria * Reconstructing fossil plants laborious
Lepidodendron o cammocaon s process
Bateman & Hilton (2009, Taxon 58: 1254-1280)
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“Text book” view of Carboniferous Coal Swamp communities Early Permian floras of North China — previous information

Compression floras
* Abundant, fragmentary,

often transported Volcanic tuffs
* Limited palaeoecology * Extremely rare
and evolutionary utility * Exquisite
« Challenging to morphological and
reconstruct source floras anatomical
and forests preservation
* Fragmentary,
Coal ball floras transported
« Limited occurrences but * Limited ecological
preserve cellular detail utility
* Preserves in-situ peat * Can’treconstruct
* Mostly fragmentary, lots of source floras
decay
 Limited palaeoecology
Utlllty Hilton et al. (2001, Rev. Pal. Palaeoebot. 114: 175-189)
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The late Carboniferous-earliest Permian world

Wang et al. (in progress)

Evolution of stable, diverse wetland floras
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Hilton & Cleal (2007, Earth-Science Reviews 85: 85-116)

8

Climate at the Carboniferous-Permian transition
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* Intense volcanism at and i diately prior to the Carboniferous-Permian boundary from the
Skagerrak-Centered large igneous province (SCLIP) and more locally from the Inner Mongolia Uplift
+ Volcanic winter combined with Milankovitch cyclicity triggered high latitude glaciation and generally
low latitude cool, dry climates with reduced continental weathering
Wang Ye et al. (manuscript in progress)
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Evolution of stable, diverse wetland floras
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Paleogeography and diachronous sedimentary facies
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Zhang et al, 2022 (Frontiers in Earth-Science 10: 104136)|
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Early Permian co

from the Wuda District (Inner Mo hina)

Hommann W, Pt
66 cm thick lithified ash
layer (tuff)

Dated to 299 million
years ago in the earliest
Asselian (earliest
Permian)

Preserves intact peat
forming mire community
in growth position
Sedimentary obrution
deposit

> 8,000 m? quadrats
systematically sampled
since 2007 by joint
Chinese and Czech
research team
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Analogue: Pompeii — spectacular window in the Roman past
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Wuda floras

* Four distinct successional floras preserved

* Flora 2 = ash smothered flora

* Preserves morphology and occasional
cellular anatomy

* Plants present in different heights in the
tuff based on position as ground cover,
mid-level and canopy plants

* Remarkable palaeoecology

+ Very few animals body-fossils

Rerewed bagin of poat farmation

IRTTN] Lo b e tg aaad b b aey
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Peat floa 1ater covered by volcanic sshtal

Pfefferkorn & Wang (2007)

Overlying sediment removed and coal extracted to reveal tuff bed

<

Image: Dandan Li

Top of tuff bed exposed and cleaned

Tuff excavated in 1m? quadrats

33 - *
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Wuda Noeggerathiales

Noeggerathiales affinity elusive since first recognized in
early 1900's in Europe

In Wuda, two species of Paratingia one species of Tingia

Multiple entire plants preserved as well as shed organs in
leaf-litter

Entire plants preserved after falling over from ash
inundation alongside upright broken trunks

Trees typically 4-6 m tall with long, naked trunks
Apical portions of trees with vegetative and fertile zones
Reconstruction with morphology and anatomy allows the

affinity of this previously enigmatic group of plants to be
determined for the first time

21

“Strobilus”

Blocks with important fossil plants removed for lab investigation

NG

Image: Dandan Li

Bilateral organisation with Q shaped vascular bundle
Homologous to leaf rachis — both have Q shaped vascular
bundles and born in same relative position on stem
Sporangium bearing structures are modified pinnules,
bearing multiple sporangia

24
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Paratingia in the earliest Permian flora

Noeggerathiales affinity finally resolved!

| timerophytes’ progymnosperms’
Soed plants
Zygopteridales.

Cladoxylopsida

Aneurophytales.
(stem-group Lignophytes)

a
Q- Quadriseiate branching “hydrasperman’
Med Jants
Lo Lo/ eristén llosales | P pieridosperms | Lignophytes
s - Polystele

V- Bifacial vascular cambium

H - Heterospory Crown group

S -Soeds heterosporous
Adaialsporangia progymnosperms

B - Bisporangiate fertle aggregatons Archaeopteris

M- Monomet Parati

P - Pseudo-sirobi — Noeggerathiales.

0 Omega races inrachis Dorsalistachya

Noeggerathiales are progymnosperms — members of the extinct, ancestral lineage from which seed plants evolved
Reconstructing the ecological associations in which they occur

Wang Jun et al. (2021, PNAS 118: €2013442118)

Wudaeophyton — a small vine

Climbing plants rare in the fossil record

New genus and species of climbing plant established
Markedly different leaf morphology on different parts of the
same individual plant; if found isolated would most likely be
considered as four distinct species.

Some leaves had special sticky pads to attach to host plant
Anatomy shows affinity with calistophytalean pteridosperms

Psenicka et al. 2020 (Int.J. Plant Sci. 181: 616-645)
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Wudaeophyton — a small vine

Distribution of specimens of Wudaeophyton varies in the ash and indicates which trees it was
growing on

Climbed on Marattialean fern Psaroniusin the forest canopy, and Cordaites gymnosperm
trees in the emergent canopy layer.

association with

Cordaites

o
20 30 40
oceurrence
Psenicka et al. 2020 (Int.J. Plant Sci. 181: 616-645)
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Cycad origins and early evolution

Ancient lineage, quintessential living fossils

Morphology evolves extremely slowly in a
bradytelic mode characterized by stasis

Late Carboniferous or Permian origin, but
enigmatic early history and evolutionary
relationships

Fossil evidence of earliest cycads sparce,
fragmentary and typically poorly preserved

Traditional view of cycad origins largely
unchanged for >100 years (e.g. D. H. Scott
1900; Seward, 1917 etc.) with close
relationship with medullosan pteridosperms

Petvstel
A ingrained botanical view of seed plant relationships —
woeful, selective and just plain wrong.....

Linkies et al. (2010)|
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New family, genus and species of cycad Key specimens

+ Long (2.5-5.5m), Crown of a female

tree
slender trunk

+ Crown of up to 36 Second specimen

N . on slab vegetative
helically inserted

leaves Three sizes of leaf:

Inner whorl with

* Leaf scars on stem

small leaves
below crown * Outer whorl
N with larger
+ Entire leaves of Jeaves 30-50 cm
Taeneopteris long
* Whorl of leaves
Brongniart

above ring of

+ Leaves with thick, tapering midrib and straight lateral veins that bifurcate once near megasporophylls

midrib, sometimes again near margin Leaf scars below

+ Overall architecture similar to some living species of Cycas (e.g. C. media R. Br.) crown

Fertile leaves (sporophylls) and ovules
7/

Fertile leaves (sporophylls) and ovules
Ao e AN

Seeds born on a fertile
sporophyll similar to
living Cycas

Holotype - female tree

* Megasporophylls on
stem and not cone
forming

Sporophylls with fine
covering of hairs

Long, narrow, axis-like
vegetative structures
on stem with
megasporophylls
interpreted as
cataphylls.

* Seeds numerous and
large (10-20 mm long)

* Occasionally seeds
divided longitudinally -
germination valves?

Individual
megasporophylls
difficult as obscure
each other

No anatomical
preservation in ovules
(vet..)

Stem anatomy

Stem anatomy — distinctive girdli

/s, girding It

35
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Examples of other reconstructed species

+ New whole
plant species
of marattialean
and zygopterid
ferns

* Scolecopteris
libera

(Psaroniaceae)
about 2m tall
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Conclusions

* Wauda flora presents an unrivalled view into an early Permian terrestrial ecosystem
which is revolutionizing our understanding of:

floral composition in the early Permian Cathaysian flora

morphological and anatomical evolution of major plant groups

palaeoecology and spatial distribution of early Permian floras

relationships of the equatorial Euramerican and Cathaysian floras

« Carboniferous-Permian boundary was a time of immense change with volcanic
driven climate change and astronomical cycles combining to trigger a shift into
glacial conditions

advance of high latitude glaciations in Gondwana

global sea level drop (regression) and aerial exposure of former continental

shelf environments

Cooler and drier equatorial climates

Volcanic cooling usually short lived — so why did it last so long at the C-P boundary?

44

Ongoing studies.

Rescue Palaeontology, and environmental dilemmas

Site context:

Continued work excavating new parts of the forest

Fossils exposed in a working open cast coal mine

Mining progressively exposes the fossiliferous horizon throughout the basin

Continued study documenting and reconstructing new species

Company has rights to extract all the coal, with massive national demand

Coal mining supports local community

Individual species interpreted for ecological adaptions

But extraction and use of fossil fuels causes massive global environmental issues (greenhouse gas emission,
acid rain, pollution of water courses, particulate air pollution etc.)

Investigating population and community structures from quadrat data
Excavation and study:

* Investigating macroecological relationships * Local government support — purpose-built museum in progress as national amenity
* Coal company support for excavations
« Reconstructing how species interact with each other and their environment * Academic community involvement

- unique fossil assemblage — best preserved and most intact late Paleozoic forest

Analysing biogeographic patterns and processes - highest quality fossils available for research — In Paleozoic importance second to Rhynie chert
- if left unstudied, fossils destroyed to expose and extract coal below

Evaluating long-term floral response to climate change
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