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The diversification of flowering plants was one of the major 
episodes in the history of life that transformed global ecosys-
tems, bringing about the diversification of insects, amphib-

ians, mammals, early birds1–5 and other clades, ultimately marking 
the first time in geological history when life on land became more 
diverse than life in the sea6. The rapid radiation of angiosperms, 
between ~135 million years ago (Ma) and ~65 Ma, that led flower-
ing plants to dominate many land environments by the end of the 
Cretaceous and replace the incumbent gymnosperms7, has fasci-
nated evolutionary biologists starting with Darwin who famously 
referred to the angiosperm radiation as an ‘abominable mystery8’. 
However, our knowledge of the early evolution of angiosperm’s 
most distinctive feature, the flower, is scarce owing to its delicate 
construction and thus low fossilization potential. Much of what is 
known about early angiosperm floral diversity comes from flowers 
that were rendered biologically inert through burning and conver-
sion to charcoal9–11, but this mode of preservation is only partial, 
reducing petals and surface features to mere stubs. In the absence 
of fine morphological detail, there has been a tendency to recon-
struct such remains with the presumption that such flowers must 

have been simpler than extant forms. As a result, the ecology of 
early angiosperms remains poorly known, hampering attempts 
at disentangling the potential drivers of their diversification. 
Diverse ecological explanations have been proposed to account for 
the rapid radiation of angiosperms in the Cretaceous, including 
co-diversification with insect pollinators, high growth rates, adap-
tation to fire regimes and evolution of novel dispersal modes12–16; 
however, to be properly evaluated, all require a better appreciation 
of the ecological diversity of early flowering plants.

Amber, fossilized resin of ancient plants that often preserves 
flowers with life-like fidelity alongside their pollen and fruits, offers 
an alternative but little-explored window into early angiosperm 
diversity. Here we document two types of fossil flowers, one identi-
cal to those of extant Phylica (Rhamnaceae) and the other a sister 
to the genus, both preserved in Cretaceous amber from the Hkamti 
and Tanaing mines (Supplementary Figs. 1–3), northern Myanmar, 
dated to at least 99 Ma (110–99 Ma for Eophylica priscastellata and 
99 Ma for Phylica piloburmensis; Supplementary Note 1)17–20. These 
fossil flowers were previously misidentified as conifers21 or green 
algae22, and are quite common in amber assemblages, where the flora 
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The rapid Cretaceous diversification of flowering plants remains Darwin’s ‘abominable mystery’ despite numerous fossil flow-
ers discovered in recent years. Wildfires were frequent in the Cretaceous and many such early flower fossils are represented by 
charcoalified fragments, lacking complete delicate structures and surface textures, making their similarity to living forms dif-
ficult to discern. Furthermore, scarcity of information about the ecology of early angiosperms makes it difficult to test hypoth-
eses about the drivers of their diversification, including the role of fire in shaping flowering plant evolution. We report the 
discovery of two exquisitely preserved fossil flower species, one identical to the inflorescences of the extant crown-eudicot 
genus Phylica and the other recovered as a sister group to Phylica, both preserved as inclusions together with burned plant 
remains in Cretaceous amber from northern Myanmar (~99 million years ago). These specialized flower species, named Phylica 
piloburmensis sp. nov. and Eophylica priscastellata gen. et sp. nov., exhibit traits identical to those of modern taxa in fire-prone 
ecosystems such as the fynbos of South Africa, and provide evidence of fire adaptation in angiosperms.
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is dominated by gymnosperms, including the extinct Bennettitales 
(Supplementary Fig. 4), accompanied by diverse angiosperms23–25. 
The exceptionally preserved flowers possess linear pubescent xero-
morphic leaves (seemingly needle-like and tightly clustered with 
densely stellate or linear hairs) typical of vegetation adapted to sea-
sonally dry and fire-prone conditions (Fig. 1), and burned plant 
remains also occur within the amber assemblages. Our results pro-
vide evidence of fire-adapted angiosperms from the Cretaceous, 
supporting the hypothesis that fire represented a biologically impor-
tant selective pressure in some Cretaceous ecosystems. The fossils 
demonstrate that specialized floral adaptations to frequent burn-
ing arose early in angiosperm evolution and have remained more 
or less unchanged for over 99 Ma in Rhamnaceae. Extant Phylica is 
restricted to the South African Cape biodiversity hotspot and rep-
resents one of the most characteristic members of the endemic and 
fire-prone fynbos flora26,27. The finding of inflorescences related to, 
and even identical with, Phylica in a mid-Cretaceous Gondwanan 
deposit backdates the origin of a key component of the fynbos by 
~35 Ma28,29 and suggests that the fynbos flora may contain other 
elements typical of an ancient vegetation type that evolved in the 
fire-prone Cretaceous30.

Results
Systematic paleontology. Family Rhamnaceae Jussieu, 1789

Tribe Phyliceae Reissek ex Endl., 1840 Genus Eophylica Shi, 
Wang, et Engel gen. nov.

Type species. Eophylica priscastellata Shi, Wang et Engel sp. nov. 
(Figs. 2 and 3).

Etymology. The generic name is a combination of the Greek 
words, Ēṓs (Ἠώς, meaning ‘dawn’) and the extant genus Phylica L. 
(itself derived from Greek: phyllikos, meaning ‘leafy’). The gender of 
the name is feminine.

Generic diagnosis. Identical to Phylica except with 8 sepals  
(2 × 4-merous) (versus 5 in Phylica), lacking petals (present in  

most Phylica, although secondarily reversed independently in 
several crown species), and indumentum composed of stel-
late rhamnaceous hairs (simple in Phylica). Ovary inferior, fused 
to receptacle. Style columnar, simple. Fruit a typical capsule, 
obovoid, about 5.0 mm long, crowned with persistent base of calyx 
with a convex calyx area. A complete description is provided in  
Supplementary Note 2.

Holotype (hic designatus). No. QUST-AM32413 (Fig. 2a,b,l,n–
v and Supplementary Fig. 21), deposited in the collection of the 
Qingdao University of Science and Technology, Qingdao, China.

Paratypes (17 specimens). No. QUST-AM20501–QUST- 
AM20512, QUST-AM32414–QUST-AM32417 and QUST-AM33310,  
same repository as holotype.

Type locality and age. No. QUST-AM20501–QUST-AM20510, 
QUST-AM20512, QUST-AM32413, QUST-AM32415–QUST- 
AM32417 and QUST-AM33310 are from Tanaing mines, earliest 
Cenomanian, 98.79 Ma ± 0.62 (ca. 99) Ma. QUST-AM20511 and 
QUST-AM32414 are from Hkamti mines, early Albian, 109.7 ± 0.4 
(ca. 110) Ma.

Etymology. The specific epithet is a combination of the Latin 
terms priscus (meaning ‘ancient’) and stellatus (meaning ‘starry’).

Eophylica priscastellata Shi, Wang et Engel sp. nov.
Species diagnosis. Plants covered in stellate and linear hairs. 

Leaves long linear, spirally arranged. Head of flower terminal, sur-
rounded by interior spreading, sub-incurved, linear leafy bracts. 
Bracts about twice as long as flower. Flower single on twig tip. 
Disc epigynous and covering inside of calyx tube. Sepals 8 (2 × 4- 
merous). Petals absent. A complete description is provided in 
Supplementary Note 2.

Genus Phylica L., 1753
Phylica piloburmensis Shi, Wang et Engel sp. nov. (Fig. 4)
Etymology. The specific epithet is a combination of the Greek 

term pîlos (πῖλος, meaning ‘hair’) and burmensis (itself a combina-
tion of Burma and the Latin suffix -ensis, denoting place).
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Fig. 1 | Morphological diversity of E. priscastellata and P. piloburmensis ‘pseudanthium head’ in amber. a–g, E. priscastellata. QUST-AM20502 (a), 
QUST-AM20501 (b), QUST-AM20505 (c), QUST-AM20506 (d), QUST-AM20504 (e), QUST-AM20510 (f), QUST-AM20509 (g). h, P. piloburmensis, 
QUST-AM20513. These ‘feather heads’ comprise clustered leaves (or leafy bracts), forming different developmental stages of ‘pseudanthium head’, similar 
to that seen in extant species of Phylica26. pf, ‘pseudanthium head’ (dashed rectangle in c); bl, bract-like leaves (dashed rectangle in g). Scale bars, 0.5 mm.
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Holotype (hic designatus). No. QUST-AM32127 (Fig. 4a–g and 
Supplementary Fig. 26), deposited in the collection of the Qingdao 
University of Science and Technology, Qingdao, China.

Paratypes (3 specimens). No. QUST-AM33311 and QUST- 
AM20513–QUST-AM20514, same repository as holotype.

Type locality and age. Tanaing mines, earliest Cenomanian, 
98.79 Ma ± 0.62 (ca. 99) Ma.

Species diagnosis. Leaves slightly wider (1.5–2.0 mm wide, 4.5–
8.0 mm long) and both ad- and abaxial sides covered with simple 
linear hairs. Flowers not single but forming a capitulum. Petals pres-
ent. Fruit covered with dense indumentum. A complete description 
is provided in Supplementary Note 2.

Ecomorphological conservatism in Rhamnaceae. Our fossils 
preserve the primary reproductive features characteristic of extant 
Phylica, a diverse genus within the Rhamnaceae, in which all ~150 
extant species are endemic to southern Africa31. Specifically, leaves 
clustered at the twig tip surrounding either a flower, or a ‘pseudan-
thium head’, is a feature unique to Phylica (Fig. 1, Supplementary 
Figs. 7–20 and Video 1)32. On the basis of presence or absence of 
petals, the number of sepals and the form of hairs of the indumen-
tum, we assigned our fossils to two new species: Eophylica priscas-
tellata gen. et sp. nov. (Figs. 2–3) and Phylica piloburmensis sp. nov. 
(Fig. 4 and Supplementary Fig. 6), the presence or absence of petals 

reflecting morphologies seen in extant Phylica32. A close relationship  
between Eophylica and Phylica is supported by comparative mor-
phological and phylogenetic reconstructions based on flowers, 
fruits and pollen grains (Figs. 2–4, Supplementary Figs. 21–30 and 
Videos 2–3). E. priscastellata can be distinguished from P. pilobur-
mensis on the basis of the number of sepals and the absence of pet-
als. The second species is morphologically indistinguishable from 
extant Phylica, and our phylogenetic analyses recovered the species 
as robustly nested within the Phylica clade. Given the completeness 
of our observed character suite, afforded by the exceptional fidelity 
of amber preservation, that flower morphology is the greatest source 
of data for ascribing species to supraspecific taxa, and the robust-
ness of our phylogenetic results, we have placed this species in the 
extant genus Phylica. This greatly extends the age of this clade and 
represents the first extant angiosperm genus documented from the 
Mesozoic. While this seems controversial, we believe the extraor-
dinary nature of these fossils and the data compel such a conclu-
sion. Extant species are exceptionally rare in Myanmar amber, but 
are known to occur, and we believe future data will corroborate our 
conclusions regarding the identity of P. piloburmensis. We provide 
formal descriptions of the new fossil taxa in Supplementary Note 2.

The clustered, needle-like dry leaves are typical of fire-adapted 
angiosperms (Fig. 1)26,30. Taxonomically, needle-like leaves clus-
tered around the stems of a small shrub (Fig. 1 and Supplementary  
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Fig. 2 | Flowers and pollen of E. priscastellata gen. et sp. nov. a,b, Holotype of E. priscastellata, QUST-AM32413. Lateral view (a) and micro-XCT scan, 
longitudinal section (b). c–e, Lateral view of QUST-AM32414 (c), QUST-AM32415 (d) and QUST-AM32416 (e). f–h, Micro-XCT reconstruction, lateral view 
of QUST-AM32414 (f), QUST-AM32415 (g) and QUST-AM32416 (h). i–k, Micro-XCT scans, longitudinal section of QUST-AM32414 (i), QUST-AM32415 
(j) and QUST-AM32416 (k). l, Top view of the holotype of E. priscastellata, QUST-AM32413, clearly showing eight sepals. m, An extant Phylica flower with 
similar morphology to E. priscastellata. n,q–s, Fossil pollen grains from QUST-AM32413 (position indicated by white border in l) were photographed with the 
light microscope. o,p,t–v, Images of extant pollen grains extracted from m, taken with light microscope (o) and with scanning electron microscope (p,t–v). 
t–v Single pollen grain of different side view. White arrowheads on the pollen indicate the colporate (‘H’) form. br, bract; ct, calyx tube; fd, flower disc; ova, 
ovary; pd, peduncle; sc, stylar canal; sl, style; sm, stamen; sp, sepal; pl, pollen. Scale bars, 0.5 mm (unless otherwise indicated).
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Figs. 7–20) are typical of Phylica and quite distinct from other genera 
of Rhamnaceae32. Non-Phylica species in Rhamnaceae have broader 
leaves, except for some species in the genera Trymalium, Siegfriedia 
and Colletia. Specialized narrow leaves have been considered an 
adaptation to the relatively dry Cape climate33 and frequent wild-
fires34. Many fynbos angiosperms (for example, Erica (Ericaceae), 
Aspalathus (Fabaceae), Ruschia (Mesembryanthemaceae), and 
Agathosma (Rutaceae)26) and some non-fynbos clades (for exam-
ple, Brunia and Berzelia (Bruniaceae)) also have narrow, clustered 
leaves. However, species of Phylica differ in having one or more of 
the following32: leaves at the tip of the stem form ‘pseudanthium 
head’ unique to the genus (Fig. 1); leaves and flowers are cov-
ered by dense hairs; unarmed but villous-pubescent, branched 
twigs; the absence of stipules, and leaves with only one main vein  
(Supplementary Figs. 7–20).

Importantly, the typical pseudanthium head in these fossils 
is distinctive within angiosperms32. It is exclusive to some extant 
species of Phylica (for example, P. pubescens and P. plumosa; 
Supplementary Fig. 10e–j)32,35, where it represents an intermediate 
developmental stage from vegetative growth to the flowering phase 
(Fig. 1, Supplementary Figs. 7–20 and Video 1)32. The head com-
prises many tightly clustered scale-like bracts, with mature leaves 
or bracts (below the true flower) developing later. Despite having a 
similar ‘head’ shape, the pseudanthium bracts are morphologically 
distinct from those of the true flower (Fig. 2m)32.

True flowers of Phylica are small (~1.0 mm), 5(4)-merous, have 
an inferior ovary and are densely pubescent. They combine the fol-
lowing diagnostic characters (Figs. 2–4, Supplementary Figs. 21–26 
and Video 2)32,35,36: flowers are terminal/solitary and include leafy or 

scale-like bracts; the flowers are semi-opened; sepals are enlarged 
and triangular; sepals have a prominent median vein; hypanthia are 
turbinate in shape; the petals are either small and alternate with the 
sepals or are completely absent; stamens are opposite the petals; the 
disc is intrastaminal, thin to more or less fleshy; the ovary is below 
the disc and completely fused to the receptacle; the style is columnar, 
simple, shorter than the calyx tube; and the stigma is slightly lobed. 
Specially, as in extant Phylica32,36, both fossils presented herein have 
a lengthened perianth tube (Figs. 2a,c–h, 4e–g and Supplementary 
Figs. 21–24, 26).

The fruits of the two new fossil species are typical capsules (Figs. 3f,  
4k, Supplementary Figs. 27–28 and Video 3). Although capsule-like 
fruits are common in Rhamnaceae, Phylica fruit morphologies are 
shaped by their specific flower characters (such as the lengthened 
calyx tube and dense hairs). Differing from other capsules that lack 
sepal elements and usually have an exposed mature pistil, fruits of 
Phylica and Eophylica are crowned by the persistent calyx (or sepal) 
that includes a hidden pistil (Figs. 3f–h and 4k,l). The pericarp devel-
ops from the base of the persistent calyx, and in the fossil fruit appears 
hard, ribbed (Fig. 3f and Supplementary Fig. 27), or covered with thick 
hairs originating from the flower (Fig. 4k and Supplementary Fig. 28). 
As in extant species32, fossil fruits of Eophylica and P. piloburmensis are 
notably larger than the flower (≥5 mm wide) (Supplementary Figs. 27 
and 28). Similar fruits occur in the genus Rosa in Rosaceae, but those 
fruits have the achenes inside, rather than having septal polycar-
pels as in our fossils and extant Phylica (Fig. 4m and Supplementary  
Fig. 27m,n). As in extant Phylica32, petals are either present or absent 
in our fossil flowers, with E. priscastellata lacking petals (Fig. 3a,b) 
and P. piloburmensis possessing petals (Fig. 4a).
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Fig. 3 | Fruit of E. priscastellata gen. et sp. nov. a, Overall picture showing QUST-AM32417 and QUST-AM33310. b, Micro-XCT reconstruction 
of QUST-AM32417, lateral view. c,d, Two different angles of micro-XCT scan of QUST-AM32417, both longitudinal section. e, Micro-XCT scan of 
QUST-AM32417, transverse section. f, Micro-XCT reconstruction of QUST-AM33310, lateral view. g,h, Two different angles of micro-XCT scan of 
QUST-AM33310, both longitudinal section. i, Micro-XCT scan of QUST-AM33310, transverse section. j, reconstruction of different developmental stages 
of E. priscastellata. From left to right, the first three images are reconstructions representing three developmental stages of a ‘pseudanthium head’, followed 
by the immature flower, mature flower, and fruit (viewed in longitudinal and transverse sections). ap, placental axis; bl, bract-like leaf; cp, peduncle 
carpopodium; ds, dissepiment; fr, fruit; lc, locule; lf, leaf; ovu, ovule; pr, pericarp; ps, persistent sepal; pt, pollen tube; sd, seeds; sf, pseudanthium; sh, 
stellate hairs. Scale bars, 0.5 mm (unless otherwise indicated).
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Several pollen grains of similar morphology exist within 
our flower specimens (Figs. 2n, 4b and Supplementary Fig. 29). 
Although we failed to resolve a clear exine pattern, these grains 

exhibit characters similar to those of extant Phylica (Fig. 2t–v and 
Supplementary Fig. 29), namely single grains with an isopolar, 
3-colporate, oblate-spheroidal and triangular polar view. An affinity  
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o–q, micro-XCT scans of fossil fruit internal structure are shown, compared with internal structure of a dissected fruit of extant P. axillaris (r–t). o, p and s are 
transverse sections; r is top view; q and t are longitudinal views. pf, persistent flower; ptl, petal. Scale bars, 0.5 mm (unless indicated otherwise).
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with the Rhamnaceae is further supported by the following fea-
tures37: (1) medium-sized with polar axes of 21–24 μm and equato-
rial diameters of 18–21 μm (P/E ratio: 1.2); (2) colpi long, narrow 
and with blunt ends; and (3) the middle of the aperture lalongate, 
with two ends connected to a thinned part of the exine to form an 
H-shape (Fig. 2q–v and Supplementary Fig. 29).

Our fossils also preserve several other features whose combina-
tion is diagnostic of the family Rhamnaceae38. As in our fossils, extant 
Phylica is a morphologically divergent clade of the Rhamnaceae that 
exhibits only some plesiomorphic characters seen in the family32. 
Although a lengthened cyathiform calyx tube and enfolding sepals 
and petals are important flower characteristics of living Phylica, 
they obscure important internal Rhamnaceae characters (that is,  
4- or 5-parted with a single whorl of stamens opposite the petals). We 
used micro-XCT scanning to show that our fossils preserve simple 
leaves, small flowers with 5(4)-merous sepals (5 in P. piloburmensis 
and 8 (2 × 4-merous) in E. priscastellata), which are valvate in the 
bud (Figs. 2b,l and 4e–g); 5 or 8 (2 × 4-merous; E. priscastellata) 
stamens that alternate with the sepals and are opposite the petals 
and anthers, which are tightly enfolded by the hooded petal apices 
(if petals are present; P. piloburmensis) (Fig. 4a and Supplementary 
Figs. 21n, 22l,m and 23k); and the presence of an intrastaminal disc 
(Fig. 2b)39. These features, combined with crowding leaves (Fig. 1), 
are characteristic of Rhamnaceae39.

Phylogenetic analysis integrating morphological and molecular 
partitions (Supplementary Notes 6 and 7) confirmed crown-group 
membership of both fossil species (Fig. 5a and Supplementary  
Fig. 30). Although one major character (the presence of stellate 
hairs) makes the fossil E. priscastellata different from all extant 
species of Phylica (Supplementary Table 1), our new fossil species 
exhibit other features common to extant Phylica. In E. priscastel-
lata, the leaves and twigs are similar to those of extant P. pubescens 
or P. ambigua (Supplementary Fig. 10), but the presence of stellate 
hairs and absence of petals distinguish it. Its fruits lack a covered 
indumentum as in extant P. parviflora (Supplementary Fig. 27m,n). 
Moreover, the leaves, flower and fruit characteristics of P. pilobur-
mensis are also present in many other extant species of Phylica (rep-
resented by extant P. axillaris; Fig. 4c,h–j,m,n)32. All in all, our fossils 
provide evidence of a remarkable case of morphological, and proba-
bly also ecological, conservatism within a crown-eudicot clade since 
the mid-Cretaceous.

Discussion
Early origin of fire-adapted angiosperms in the Cretaceous. The 
mid-Cretaceous (Albian–Turonian; 112–90 Ma) was exception-
ally warm, with some of the highest temperatures in Phanerozoic 
geological history40,41 and a relatively shallow temperature gradient 
between the poles and the tropics42. Elevated atmospheric oxygen 
levels in the Cretaceous (23–29% compared with 21% at pres-
ent43–46) and abundance of charred plant fossil remains in the rock 
record47–51 suggest that fires were frequent during this period14,52–58. 
Some hypotheses of angiosperm diversification highlight that 
Cretaceous fire regimes may have opened land up for the first flow-
ering plants, whose rapid colonization of regeneration gaps may 
have provided an advantage over the then-dominant gymnosperms 
that are intrinsically slower growing13,14,59. By providing a new source 
of fuel, angiosperms may have also substantially altered the exist-
ing fire regimes, to the disadvantage of gymnosperms13,15,60. There 
is abundant evidence that fires burnt vegetation containing angio-
sperms in the Cretaceous13, the most remarkable examples being 
three-dimensionally preserved charcoalified flowers, fruits, seeds 
and other organs of angiosperms co-occurring with burned remains 
of gymnosperms and free-sporing plants10,11,61. Moreover, previ-
ous molecular clock studies have inferred a Cretaceous origin of 
fire-proneness in some gymnosperm (Pinaceae62,63) and angiosperm 
(Proteaceae, Myrtaceae, Haemodoraceae and Restionaceae54,64–66) 

lineages. However, direct palaeontological evidence of fire-prone 
traits are scarce, primarily because such traits evidently have low 
preservation potential67,68.

Fossil Eophylica and Phylica inflorescences preserve unambigu-
ous morphological hallmarks of fire-adapted angiosperms. Many 
fire-prone plants are ‘drought resisters’34,69 and Eophylica–Phylica 
belong to this group. Numerous Cape species (such as species in 
the families Ericaceae and Proteaceae) that are drought resisters are 
able to produce new growth after fires, from buds on buried ligno-
tubers at the base of burned stems69. Phylica are small shrubs whose 
clustered, needle-like dry leaves are typical of fire-prone vegetation; 
these characters in turn ensure relatively rapid renewal after fire and 
confer resistance to severe drought70,71. While some extant members 
of the genus Phylica typically do not survive wildfires, which may in 
itself have an adaptive value in environments that burn frequently72, 
their seeds accumulate in the soil and germinate after fire73,74,. Their 
relatively small and rounded seeds are easily incorporated into the 
soil and reach greater depths than larger seeds, and is linked to their 
ability to form long-term persistent seed banks75,76. Our discoveries 
of burned plant remains in associated amber pieces further provide 
direct evidence for a community living in a fire-prone environment 
(Supplementary Fig. 5).

An early Gondwanan origin. Fossil Eophylica flowers are distinct 
from those of any angiosperms that grow in the subtropics of north-
ern Myanmar today. Phylica is endemic to the fire-prone fynbos 
flora of the South African Cape. The fynbos represents one of the 
most remarkable global floral biodiversity ‘hotspots’, characterized 
by unique species richness and endemism, with over 9,000 recorded 
plant species restricted to a small geographic area (±90,000 km2), 
of which almost 70% are endemic77. Much of this diversity is due to 
a handful of speciose clades (the ‘Cape floral clades’) that, includ-
ing Phylica31,78,79, have traditionally been regarded as having radi-
ated within the Cape31,78,79. Geological studies and fossil evidence80–84 
indicate a Gondwanan origin for the diverse biota in Myanmar 
ambers, but two alternative pathways for its transport to Myanmar, 
either via the West Burma Block or the Indian Plate, were possible80. 
Although palaeomagnetic studies indicate that the West Burma 
Block rifted from north-western Australia between the Late Triassic 
and Late Jurassic and was an isolated landmass in the Tethys Ocean 
in the mid-Cretaceous85,86, our result indicates that the biota may 
equally well have drifted northward on the Indian Plate after it 
separated from Madagascar and southern Africa at approximately 
88–90 Ma64,80,87, just after the formation of the Myanmar amber 
(110–99 Ma; Fig. 5). Thus, when the Myanmar ambers were form-
ing, the ancestor of Phylica had an ancient distribution within the 
united Gondwana and was possibly widespread at middle south-
ern latitudes, including parts of Africa. Its survival today at a simi-
lar latitudinal band, but under a cooler global climate, suggests 
that it may be close to the edge of its natural climatic tolerance  
envelope (Fig. 5).

Our results demonstrate that a key element of the xeromor-
phic fynbos vegetation existed as long as 99 Ma ago, as well as the 
great antiquity of open fire-prone vegetation in Gondwana64. Given 
that southern Gondwana during the middle Cretaceous (Albian–
Turonian; 112–90 Ma) was arid to semi-arid88,89, possibly possessing 
a similar climate as the South African Cape today, the fynbos could 
provide a recent proxy for understanding fire-prone plant commu-
nities in the Cretaceous30 (Fig. 6). However, whether or not the fyn-
bos biome itself dates back to the Cretaceous remains to be tested 
with the aid of further plant fossils. Miocene pollen assemblages 
from the southwestern Cape are noted to be comparable with those 
of Australian floras90, although some of these Gondwanan elements 
were lost after climatic changes at the end of the Miocene. There are 
no Cretaceous fossil records in the Cape, but offshore records from 
the West Coast exhibit abundant conifer pollen91–93. This could be 
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a taphonomic effect due to the high productivity and wind disper-
sal of conifer pollen compared with the lower pollen productivity 
and more targeted dispersal of the insect-pollinated shrub and herb 
components typical of fynbos-type vegetation94. Notably, herb pol-
len declines in abundance moving offshore94. Inland records from 
kimberlite pipes show a mixed flora with some fynbos elements 
(Proteaceae, Ericaceae and Restionaceae) in the Palaeogene in a 
tropical to warm temperate environment95. From the southwestern 
Cape coast (where fynbos occurs today), fynbos elements were pres-
ent (restios, ericas, proteas) during the Oligo-Miocene, mixed with 
palm and miombo floras, and interpreted as tropical to subtropical 
forest with lianas, vines, evergreen trees, palms and ferns96–98. Taken 
together, these lines of evidence point towards a much more com-
plex history of the fynbos biome than previously thought.

The Myanmar amber tropical forest palaeoenvironment. The 
presence of abundant fire-prone vegetation in amber from northern 
Myanmar has important implications for interpreting the palaeoen-
vironment of this key Mesozoic Konservat-Lagerstätten. Myanmar 
amber harbours perhaps the most diverse Cretaceous amber biota 
known to date99, famous for its well-preserved vertebrate remains 
and abundant insect fossils. The Myanmar amber palaeoenviron-
ment is most often reconstructed as a hot tropical forest99, with a 
near-equatorial climate85 located in the vicinity of brackish water 

and the seashore19,100,101, perhaps akin to modern swamp forests102. 
Eophylica and Phylica fossils and associated burned plant remains 
suggest that the Myanmar amber forest may have been prone to sea-
sonal fires, similar to some tropical peat swamp forests in more recent 
geological history103. Major fires and subsequent drought may have 
been associated with some amber deposits, such as the Cretaceous 
New Jersey amber that contains abundant charred remains of plants 
and insects104, and fire is a common cause of resin production in 
fire-prone vegetation today105. It is probable that seasonal fires may 
have also played a role in the production of Myanmar amber, one of 
the largest amber deposits in the world, since resin secretion can be 
triggered by wounding, including fire wounds105,106, as well as any 
stresses that impact water uptake (for example, insect infestation, 
drought, etc107,108.). Notably, burned plant remains are abundant in 
our ambers (Supplementary Fig. 5) and it is clear that these remains 
were charred prior to resin entrapment. Abundant seasonal fire may 
also partly explain the abundance of amber in the Cretaceous rock 
record, as fossiliferous ambers of older age are exceedingly rare and 
largely occur only as traces109.

Amber provides a complementary window of early angiosperm 
diversity. The unique floral architecture preserved in Eophylica 
and Phylica fossils is identical to that seen in extant members of the 
genus Phylica, predating molecular clock estimates for the genus by 
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Fig. 5 | Early origin in Gondwana. a, Strict consensus phylogenetic tree (consistency index = 0.418968, retention index = 0.834995) showing the 
phylogenetic position of two fossil species (E. priscastellata gen. et sp. nov. and P. piloburmensis sp. nov.) on a total evidence analysis using morphology and 
seven gene partitions. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) is shown 
next to the branches. b, Transportation of amber fossils from Gondwana after 99 Ma to present-day Myanmar via northward drift of the Indian Plate. At 
~99 Ma, the Indian Plate (including Madagascar) split from southern Gondwana (Southern Africa, Australia, Antarctica) and began to move north. At 
~80 Ma, India and Madagascar separated, and Madagascar became isolated as the Indian Plate moved northward, colliding with Asia (at ~60–50 Ma), after 
which the fossils reached their current location in Myanmar. The proposed distributions of extant and fossil Phylica are also indicated on the map. Most of 
the extant Phylica species are distributed near 30° S, while the ancient distribution of this genus was at slightly higher latitudes (Supplementary Note 8).
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at least 35 Myr28,29. This makes Eophylica–Phylica one of the best 
documented ‘living fossil’ clades in the angiosperm fossil record. 
Our study also demonstrates that amber provides a complementary 
window into the early evolution of flowering plants, by overcom-
ing some biases inherent to compression and carbonified fossils that 
make up the majority of the early angiosperm fossil record10,11. First, 
most compression fossils are preserved primarily in wetlands, while 
amber palaeoenvironments range from warm forests to seashores104, 
capturing a different set of palaeoenvironments. Second, amber 
inclusions are often preserved with extreme fidelity, comparable 
to the inflorescences of modern plants. The discovery of further 
well-preserved angiosperm fossils in Cretaceous amber deposits 
may eventually backdate other crown angiosperm clades, helping 
to provide more calibration points for understanding the tempo of 
Cretaceous angiosperm radiation and ultimately contributing to 
reconciling the often-perceived incongruence between the angio-
sperm fossil record and molecular clock estimates71,110,111.

Methods
Fossil provenance and ethical statement. The material described herein originates 
from two amber mines, Tanaing and Hkamti, located in the Hukawng Valley, 
Kachin State in northern Myanmar17. The mines are introduced in Supplementary 
Note 1. The amber has been radiometrically dated to the earliest Cenomanian, 
~99 Ma, and was not produced earlier than the late Albian18,19. Our study was 
initiated in 2015 and all amber specimens were acquired from local sellers before 
December 2016, prior to the escalation of the humanitarian crisis in the region 
(https://doi.org/10.6084/m9.figshare.13317890.v1). The present fossils were briefly 
introduced in a lecture and poster presentation at the XIX International Botanical 
Congress (IBC) in ShenZhen, China, in July 2017 (lecture title ‘Mid-Cretaceous 
Seed Plant Diversity in Burmese Amber’, presented by Shuo Wang).

Authenticity of the 21 amber pieces studied herein was verified by the 
National Gemstone Testing Center (NGTC) of China, with Certificate Numbers 
XCXNo20200903 to XCXNo20200923. These tests included examination of 
physical and chemical properties of the specimens, such as colour, density, optical 
character, refractive index, amber flow characteristics and absorption spectrum.

All 21 amber pieces, preserving 22 fossils, are curated at the Qingdao University 
of Science and Technology under the collection numbers QUST-AM20501–12, 
QUST-AM32413–17 and QUST-AM33310 for E. priscastellata gen. et sp. nov., 

and QUST-AM32127, QUST-AM33311, QUST-AM20513–14 for P. piloburmensis 
sp. nov. (Supplementary Fig. 6). Of the 21 pieces of amber, 19 originate from 
the ‘Tanaing’ amber mine in Hukawng Valley, except for QUST-AM20511 and 
QUST-AM32414, which originate from the nearby ‘Hkamti’ mine (further shown 
in Supplementary Figs. 1–3 and 6).

Photography. Fossils were photographed with a digital camera (Fujifilm GFX 50 R 
with Laowa C11625 2.6 X, Cambo Actar 105 hr or Mitutoyo 5-10 X lens) fitted to 
a macro rail (Cognisys). For every photograph, 30 to 200 images were stacked with 
Combine ZP and Photoshop CS4. Some specimens were also photographed using 
Leica DVM6 and M205FA microscopes (Leica).

To examine internal structures of the flowers, fossils were scanned with Xradia 
Versa Micro-XCT 620 (Carl Zeiss X-ray Microscopy) housed in the Advanced 
Materials Research Institute of Yangtze Delta. All specimens were scanned with 
the same beam energy of 40 kV, 3 W and the LE1 filter, but with different exposure 
times and pixel sizes that depended on the sample size and condition. Clear 
scanned images were obtained for 20 of the 22 fossil specimens, but the other 2 
samples lacked sufficient contrast for scanning. The obtained image stacks were 
reconstructed with Dragonfly (ORS). Final figures were prepared with Photoshop 
CS5 and Illustrator CS5 (Adobe).

Character scoring and phylogenetic analysis. Morphological characters scored 
from leaf, habit, flower, fruit and pollen were compiled from previous studies35,36,112 
and are described in Supplementary Note 6. The combined phylogenetic tree 
was reconstructed on the basis of morphological characters and molecular data 
following the method of Wilf et al.113; the procedure is further described in 
Supplementary Note 7.

Statistics and reproducibility. During the photographing, micrographs for each 
fossil were taken repeatedly (5 to 30 repeats) to ensure consistency, and the detailed 
micrographs for each fossil are exhibited in Supplementary Figs. 5–29.

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
The Micro-XCT scanning data are available at Zenodo (https://doi.org/10.5281/
zenodo.3997200). Videos of the 3D reconstruction of internal and external 
structures of the fossil specimens are available at Figshare (https://doi.org/10.6084/
m9.figshare.12865859.v4). High resolution images of all the figures are available at 
Figshare (https://doi.org/10.6084/m9.figshare.12845144).
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Fig. 6 | Reconstruction of the palaeoenvironment. The environment of 99 Ma, when Eophylica and Phylica lived alongside diverse other plants and animals. 
lv, leaves; fh, feather head; fl, flower.

NATuRE PLANTS | VOL 8 | FEBrUArY 2022 | 125–135 | www.nature.com/natureplants132

https://doi.org/10.6084/m9.figshare.13317890.v1
https://www.ncbi.nlm.nih.gov/nuccore/C11625
https://doi.org/10.5281/zenodo.3997200
https://doi.org/10.5281/zenodo.3997200
https://doi.org/10.6084/m9.figshare.12865859.v4
https://doi.org/10.6084/m9.figshare.12865859.v4
https://doi.org/10.6084/m9.figshare.12845144
http://www.nature.com/natureplants


ArticlesNature PlaNts

Received: 5 May 2021; Accepted: 17 December 2021;  
Published online: 31 January 2022

References
 1. Lloyd, G. T. et al. Dinosaurs and the Cretaceous terrestrial revolution.  

Proc. R. Soc. B 275, 2483–2490 (2008).
 2. Bininda-Emonds, O. R. P. et al. The delayed rise of present-day mammals. 

Nature 446, 507–512 (2007).
 3. Herrera-Flores, J. A., Stubbs, T. L. & Benton, M. J. Ecomorphological 

diversification of squamates in the Cretaceous. R. Soc. Open Sci. 8,  
201961 (2021).

 4. Benton, M. J. The origins of modern biodiversity on land. Phil. Trans. R. 
Soc. B 365, 3667–3679 (2010).

 5. Roelants, K. et al. Global patterns of diversifcation in the history of modern 
amphibians. Proc. Natl Acad. Sci. USA 104, 887–892 (2007).

 6. Grosberg, R. K., Vermeij, G. J. & Wainwright, P. C. Biodiversity in water 
and on land. Curr. Biol. 22, 900–903 (2012).

 7. Condamine, F. L., Silvestro, D., Koppelhus, E. B. & Antonelli, A. The rise of 
angiosperms pushed conifers to decline during global cooling. Proc. Natl 
Acad. Sci. USA 117, 28867–28875 (2020).

 8. Buggs, R. J. The deepening of Darwin’s abominable mystery. Nat. Ecol. Evol. 
1, 0169 (2017).

 9. Friis, E. M., Crane, P. R., Pedersen, K. R., Stampanoni, M. & Marone, F. 
Exceptional preservation of tiny embryos documents seed dormancy in 
early angiosperms. Nature 528, 551–554 (2015).

 10. Friis, E. M., Crane, P. R. & Pedersen, K. R. Early Flowers and Angiosperm 
Evolution (Cambridge Univ. Press, 2011).

 11. Friis, E. M., Pedersen, K. R. & Crane, P. R. Cretaceous angiosperm flowers: 
Innovation and evolution in plant reproduction. Palaeogeogr. Palaeoclimatol. 
Palaeoecol. 232, 251–293 (2006).

 12. Soltis, P. S., Folk, R. A. & Soltis, D. E. Darwin review: angiosperm phylogeny 
and evolutionary radiations. Proc. R. Soc. B 286, 20190099 (2019).

 13. Bond, W. J. & Scott, A. C. Fire and the spread of flowering plants in the 
Cretaceous. New Phytol. 188, 1137–1150 (2010).

 14. Bond, W. J. & Midgley, J. J. Fire and the angiosperm revolutions. Int. J. 
Plant Sci. 173, 569–583 (2012).

 15. Belcher, C. M. & Hudspith, V. A. Changes to Cretaceous surface fire 
behaviour influenced the spread of the early angiosperms. New Phytol. 213, 
1521–1532 (2017).

 16. He, T., Lamont, B. B. & Pausas, J. G. Fire as a key driver of Earth’s 
biodiversity. Biol. Rev. 94, 1983–2010 (2019).

 17. Cruickshank, R. D. & Ko, K. Geology of an amber locality in  
the Hukawng Valley, Northern Myanmar. J. Asian Earth Sci. 21,  
441–455 (2003).

 18. Shi, G. H. et al. Age constraint on Burmese amber based on U–Pb dating of 
zircons. Cretac. Res. 37, 155–163 (2012).

 19. Yu, T. et al. An ammonite trapped in Burmese amber. Proc. Natl Acad. Sci. 
USA 166, 11345–11350 (2019).

 20. Xing, L. D. & Qiu, L. Zircon U–Pb age constraints on the Hkamti amber 
biota in northern Myanmar. Palaeogeogr. Palaeoclimatol. Palaeoecol. 558, 
109960 (2020).

 21. Xia, F. Y., Yang, G., Zhang, Q. & Shi, G. L. Amber Lives Through Time and 
Space (Beijing Science Press, 2015).

 22. Poinar, G. O. & Brown, A. E. A green algae (Chaetophorales: 
Chaetophoraceae) in Burmese amber. Hist. Biol. 33, 323–327 (2019).

 23. Liu, Z. J., Huang, D., Cai, C. Y. & Wang, X. The core eudicot boom 
registered in Myanmar amber. Sci. Rep. 8, 16765 (2018).

 24. Poinar, G. O. & Chambers, K. L. Tropidogyne pentaptera sp. nov., a new 
mid-Cretaceous fossil angiosperm flower in Burmese amber. Palaeodiversity 
10, 135–140 (2017).

 25. Poinar, G. O. & Chambers, K. L. Palaeoanthella huangii gen. and sp. nov., 
an Early Cretaceous flower (Angiospermae) in Burmese amber. SIDA 21, 
2087–2092 (2005).

 26. Goldblatt, P. An analysis of the flora of Southern Africa: its characteristics, 
relationships, and orgins. Ann. Mo. Bot. Gard. 65, 369–436 (1978).

 27. Verboom, G. A. et al. in Fynbos: Ecology, Evolution and Conservation  
of a Megadiverse Region (eds Allsopp, N. et al.) 93–118 (Oxford Univ.  
Press, 2014).

 28. Hauenschild, F., Favre, A., Michalak, I. & Muellner-Riehl, A. N. The 
influence of the Gondwanan breakup on the biogeographic history of the 
ziziphoids (Rhamnaceae). J. Biogeogr. 45, 2669–2677 (2018).

 29. Onstein, R. E. & Linder, H. P. Beyond climate: convergence in fast evolving 
sclerophylls in Cape and Australian Rhamnaceae predates the 
mediterranean climate. J. Ecol. 104, 665–677 (2016).

 30. Brown, S., Scott, A. C., Glasspool, I. J. & Collinson, M. E. Cretaceous 
wildfires and their impact on the Earth system. Cretac. Res. 36,  
162–190 (2012).

 31. Richardson, J. E. et al. Rapid and recent origin of species richness in the 
Cape flora of South Africa. Nature 412, 181–183 (2001).

 32. Pillans, N. S. The genus Phylica. J. S. Afr. Bot. 8, 1–164 (1942).
 33. Rebelo, T. et al. in The vegetation of South Africa, Lesotho and Swaziland 

(eds Mucina, L. & Rutherford, M. C.) 52–219 (South African National 
Biodiversity Institute, 2006).

 34. Gimingham, C. H. & Cowling, R. The ecology of fynbos: nutrients, fire and 
diversity. J. Ecol. 81, 195–196 (1993).

 35. Richardson, J. E., Fay, M. F., Cronk, Q. C. B. & Cronk, M. W. Species 
delimitation and the origin of populations in island representatives of 
Phylica (Rhamnaceae). Evolution 57, 816–827 (2003).

 36. Richardson, J. E. Molecular Systematics of the Genus Phylica L. With an 
Emphasis on the Island Species (Edinburgh Univ. Press, 1999).

 37. Schirarend, C. & Köhler, E. World Pollen and Spore Flora: Rhamnaceae Juss 
(Scandinavian Univ. Press, 1993).

 38. Medan, D. & Schirarend, C. in Flowering plants · Dicotyledons (ed. Kubitzki, 
K.) 320–338 (Springer, 2004).

 39. Gotelli, M. M., Galati, B. G. & Medan, D. Morphological and ultrastructural 
studies of floral nectaries in Rhamnaceae. J. Torrey Bot. Soc. 144,  
63–73 (2017).

 40. Friedrich, O., Norris, R. D. & Erbacher, J. Evolution of middle to Late 
Cretaceous oceans–a 55 m.y. record of Earth’s temperature and carbon 
cycle. Geology 40, 107–110 (2012).

 41. Lenton, T. M., Daines, S. J. & Mills, B. J. W. COPSE reloaded: an improved 
model of biogeochemical cycling over Phanerozoic time. Earth Sci. Rev. 
178, 1–28 (2018).

 42. Huber, B. T., Hodell, D. A. & Hamilton, C. P. Middle-Late Cretaceous 
climate of the southern high latitudes: stable isotopic evidence for  
minimal equator-to-pole thermal gradients. Geol. Soc. Am. Bull. 107, 
1164–1191 (1995).

 43. Belcher, C. M., Yearsley, J. M., Hadden, R. M., Mcelwain, J. C. & Rein, G. 
Baseline intrinsic flammability of Earth’s ecosystems estimated from 
paleoatmospheric oxygen over the past 350 million years. Proc. Natl Acad. 
Sci. USA 107, 22448–22453 (2010).

 44. Berner, R. A., Beerling, D. J., Dudley, R., Robinson, J. M. & Wildman, R. A. 
Phanerozoic atmospheric oxygen. Annu. Rev. Earth Planet. Sci. 31,  
105–134 (2003).

 45. Glasspool, I. J. & Scott, A. C. Phanerozoic concentrations of atmospheric 
oxygen reconstructed from sedimentary charcoal. Nat. Geosci. 3,  
627–630 (2010).

 46. Poulsen, C. J., Tabor, C. & White, J. D. Long-term climate forcing by 
atmospheric oxygen concentrations. Science 348, 1238–1241 (2015).

 47. Hudspith, V. A. & Belcher, C. M. Fire biases the production of charred 
flowers: implications for the Cretaceous fossil record. Geology 45,  
727–730 (2017).

 48. Scott, A. C. Charcoal recognition, taphonomy and uses in 
palaeoenvironmental analysis. Palaeogeogr. Palaeoclimatol. Palaeoecol. 291, 
11–39 (2010).

 49. Scott, A. C. The use of charcoal to interpret Cretaceous wildfires and 
volcanic activity. Glob. Geol. 22, 217–241 (2019).

 50. Scott, A. C., Cripps, J. A., Nichols, G. J. & Collinson, M. E. The taphonomy 
of charcoal following a recent heathland fire and some implications for the 
interpretation of fossil charcoal deposits. Palaeogeogr. Palaeoclimatol. 
Palaeoecol. 164, 1–31 (2000).

 51. Whtilock, C., Higuera, P. E., McWethy, D. B. & Briles, C. E. Paleoecological 
perspectives on fire ecology: revisiting the fire-regime concept. Open Ecol. J. 
3, 6–23 (2010).

 52. Bond, W. J. & Keeley, J. E. Fire as global ‘herbivore’: the ecology and 
evolution of flammable ecosystems. Trends Ecol. Evol. 20, 387–394 (2005).

 53. Bowman, D. M. J. S. et al. Fire in the Earth system. Science 324,  
481–484 (2009).

 54. Crisp, M. D., Burrows, G. E., Cook, L. G., Thornhill, A. H. & Bowman, D. 
M. J. S. Flammable biomes dominated by eucalypts originated at the 
Cretaceous–Paleogene boundary. Nat. Commun. 2, 193 (2011).

 55. Pausas, J. G. & Keeley, J. E. A burning story: the role of fire in the history 
of life. Bioscience 59, 593–601 (2009).

 56. Scott, A. C. Burning Planet. The Story of Fire Through Time (Oxford Univ. 
Press, 2018).

 57. Scott, A. C. Fire: A Very Short Introduction (Oxford Univ. Press, 2020).
 58. Scott, A. C., Bowman, D. J. M. S., Bond, W. J., Pyne, S. J. & Alexander M. 

Fire on Earth: An Introduction (J. Wiley & Sons Press, 2014).
 59. Keeley, J. E., Pausas, J. G., Rundel, P. W., Bond, W. J. & Bradstock, R. A.  

Fire as an evolutionary pressure shaping plant traits. Trends Plant Sci. 16, 
406–411 (2011).

 60. Lenton,T. M. in Fire Phenomena and the Earth System: An Interdisciplinary 
Guide to Fire Science (ed. Belcher, C. M.) 289–308 (J. Wiley & Sons  
Press, 2013).

 61. Herendeen, P. S., Magallon-Puebla, S., Lupia, R., Crane, P. R. & Kobylinska, 
J. A preliminary conspectus of the Allon flora from the Late Cretaceous 
(Late Santonian) of the central Georgia, USA. Ann. Mo. Bot. Gard. 86, 
407–471 (1999).

NATuRE PLANTS | VOL 8 | FEBrUArY 2022 | 125–135 | www.nature.com/natureplants 133

http://www.nature.com/natureplants


Articles Nature PlaNts

 62. He, T., Pausas, J. G., Belcher, C. M., Schwilk, D. W. & Lamont, B. B. 
Fire-adapted traits of Pinus arose in the fiery Cretaceous. New Phytol. 194, 
751–759 (2012).

 63. Cornwell, W. K. et al. Flammability across the gymnosperm phylogeny: the 
importance of litter particle size. New Phytol. 206, 672–681 (2015).

 64. Lamont, B. B. & He, T. Fire-adapted Gondwanan angiosperm floras evolved 
in the Cretaceous. BMC Evol. Biol. 12, 223 (2012).

 65. He, T., Lamont, B. B. & Manning, J. A. Cretaceous origin for fire 
adaptations in the Cape flora. Sci. Rep. 6, 34880 (2016).

 66. He, T., Lamont, B. B. & Downes, K. S. Banksia born to burn. New Phytol. 
191, 184–196 (2011).

 67. Midgley, J. & Bond, W. Pushing back in time, the role of fire in plant 
evolution. New Phytol. 191, 5–7 (2011).

 68. Scott, A. C. The Pre-Quaternary history of fire. Palaeogeogr. Palaeoclimatol. 
Palaeoecol. 164, 281–329 (2000).

 69. Midgley, J. J., Kruger, L. M. & Skelton, R. How do fires kill plants? The 
hydraulic death hypothesis and Cape Proteaceae “fire-resisters”. S. Afr. J. 
Bot. 77, 381–386 (2011).

 70. Lamont, B. B., Groom, P. K., Williams, M. & He, T. LMA, density and 
thickness: recognizing different leaf shapes and correcting for their 
non-laminarity. New Phytol. 207, 942–947 (2015).

 71. Lamont, B. B., He, T. & Yan, Z. Evolutionary history of fire-stimulated 
resprouting, flowering, seed release and germination. Biol. Rev. 94,  
903–928 (2019).

 72. Schwilk, D. W. & Kerr, B. Genetic niche-hiking: an alternative explanation 
for the evolution of flammability. Oikos 99, 431–442 (2002).

 73. Kilian, D. & Cowling, R. M. Comparative seed biology and co-existence of 
two fynbos shrub species. J. Veg. Sci. 3, 637–646 (1992).

 74. Hall, S. A., Newton, R. J., Holmes, P. M., Gaertner, M. & Esler, K. J. Heat 
and smoke pre‐treatment of seeds to improve restoration of an endangered 
Mediterranean climate vegetation type. Austral Ecol. 42, 354–366 (2017).

 75. Ruprecht, E., Fenesi, A., Fodor, E. I., Kuhn, T. & Tklyi, J. Shape determines 
fire tolerance of seeds in temperate grasslands that are not prone to fire. 
Perspect. Plant Ecol. 17, 397–404 (2015).

 76. Mohr, B. A. R. & Friis, E. M. Early angiosperms from the Lower Cretaceous 
Crato Formation (Brazil), a preliminary report. Int. J. Plant Sci. 161, 
155–167 (2000).

 77. Forest, F. et al. Preserving the evolutionary potential of floras in biodiversity 
hotspots. Nature 445, 757–760 (2007).

 78. Linder, H. P. Evolution of diversity: the Cape flora. Trends Plant Sci. 10, 
536–541 (2005).

 79. Linder, H. P. The radiation of the Cape flora, southern Africa. Biol. Rev. 78, 
597–638 (2003).

 80. Poinar, G. O. Burmese amber: evidence of Gondwanan origin and 
Cretaceous dispersion. Hist. Biol. 31, 1304–1309 (2019).

 81. Oliveira, I. D. S. et al. Earliest onychophoran in amber reveals Gondwanan 
migration patterns. Curr. Biol. 26, 2594–2601 (2016).

 82. Poinar, G. O., Lambert, J. B. & Wu, Y. Araucarian source of fossiliferous 
Burmese amber: spectroscopic and anatomical evidence. J. Bot. Res. Inst. 
Tex. 1, 449–455 (2007).

 83. Cai, C. Y. et al. Basal polyphagan beetles in mid-Cretaceous amber from 
Myanmar: biogeographic implications and long-term morphological stasis. 
Proc. R. Soc. B 286, 2175 (2019).

 84. Zhang, W., Li, H., Shih, C., Zhang, A. & Ren, D. Phylogenetic analyses  
with four new Cretaceous bristletails reveal inter-relationships of 
Archaeognatha and Gondwana origin of Meinertellidae. Cladistics 34, 
384–406 (2018).

 85. Westerweel, J. et al. Burma Terrane part of the Trans-Tethyan Arc during 
collision with India according to palaeomagnetic data. Nat. Geosci. 12,  
5–6 (2019).

 86. Metcalfe, I. in Biogeography and Geological Evolution of SE Asia (eds Hall, 
R. & Holloway, J. D.) 25–41 (Backhuys Publishers Press,1998).

 87. Li, J., Wu, Y., Peng, J. & Batten, D. J. Palynofloral evolution on the northern 
margin of the Indian Plate, southern Xizang, China during the Cretaceous 
period and its phytogeographic significance. Palaeogeogr. Palaeoclimatol. 
Palaeoecol. 515, 107–122 (2019).

 88. Smith, A. G., Smith, D. G. & Funnell B. M. Atlas of Mesozoic and Cenozoic 
Coastlines (Cambridge Univ. Press, 2004).

 89. Klages, J. P. et al. Temperate rainforests near the South Pole during peak 
Cretaceous warmth. Nature 580, 81–86 (2020).

 90. Coetzee, J. A. & Muller, J. The phytogeographic significance of some extinct 
Gondwana pollen types from the Tertiary of the southwestern Cape (South 
Africa). Ann. Mo. Bot. Gard. 71, 1088–1099 (1984).

 91. De Villiers, S. E. & Cadman, A. The palynology of Tertiary sediments  
from a palaeochannel in Namaqualand, South Africa. Palaeontol. Afr. 34, 
69–99 (1997).

 92. De Villiers, S. E. & Cadman, A. An analysis of the palynomorphs obtained 
from Tertiary sediments at Koingnaas, Namaqualand, South Africa. J. Afr. 
Earth Sci. 33, 17–47 (2001).

 93. Sandersen, A., Scott, L., McLachlan, I. R. & Hancox, P. J. Cretaceous 
biozonation based on terrestrial palynomorphs from two wells in the 
offshore Orange Basin of South Africa. Palaeontol. Afr. 46, 21–41 (2011).

 94. Hooghiemstra, H., Lézine, A. M., Leroy, S. A. G., Dupont, L. & Marret, F. 
Late Quaternary palynology in marine sediments: a synthesis of the 
understanding of pollen distribution patterns in the NW African setting. 
Quat. Int. 148, 29–44 (1988).

 95. Scholtz, A. The palynology of the upper lacustrine sediments of the Arnot 
Pipe, Banke, Namaqualand. Ann. S. Afr. Mus. 95, 1–109 (1985).

 96. Sciscio, L. et al. Fluctuations in Miocene climate and sea levels along the 
south-western South African coast: inferences from biogeochemistry, 
palynology and sedimentology. Palaeontol. Afr. 48, 2–18 (2013).

 97. Roberts, D. L. et al. Miocene fluvial systems and palynofloras at the 
southwestern tip of Africa: implications for regional and global fluctuations 
in climate and ecosystems. Earth Sci. Rev. 124, 184–201 (2013).

 98. Roberts, D. L. et al. Palaeoenvironments during a terminal Oligocene or 
early Miocene transgression in a fluvial system at the southwestern tip of 
Africa. Glob. Planet. Change 150, 1–23 (2017).

 99. Grimaldi, D., Engel, M. S. & Nascimbene, P. Fossiliferous Cretaceous amber 
from Myanmar (Burma): its rediscovery, biotic diversity, and 
paleontological significance. Am. Mus. Novit. 3361, 1–72 (2002).

 100. Mao, Y. et al. Various amberground marine animals on Burmese amber 
with discussions on its age. Palaeoentomology 1, 91–103 (2018).

 101. Smith, R. D. & Ross, A. J. Amberground pholadid bivalve borings and 
inclusions in Burmese amber: implications for proximity of resin-producing 
forests to brackish waters, and the age of the amber. Earth Env. Sci. Trans. 
R. Soc. Edinb. 107, 239–247 (2018).

 102. Schmidt, A. R. & Dilcher, D. L. Aquatic organisms as amber inclusions and 
examples from a modern swamp forest. Proc. Natl Acad. Sci. USA 104, 
16581–16585 (2007).

 103. Cole, L. E., Bhagwat, S. A. & Willis, K. J. Fire in the swamp forest: 
palaeoecological insights into natural and human-induced burning in intact 
tropical peatlands. Front. For. Glob. Change 2, 48 (2019).

 104. Labandeira, C. C. in Reading and Writing of the Fossil Record: Preservational 
Pathways to Exceptional Fossilization. The Paleontological Society Papers (eds 
Laflamme, M. et al.) 163–216 (Cambridge Univ. Press, 2014).

 105. Seyfullah, L. J. et al. Production and preservation of resins–past and 
present. Biol. Rev. 93, 1684–1714 (2018).

 106. Putz, M. K. & Taylor, E. L. Wound response in fossil trees assemblages from 
Antarctica and its potential as a palaeoenvironmental indicator. IAWA J. 17, 
77–88 (1996).

 107. McKellar, R. C. et al. Insect outbreaks produce distinctive carbon isotope 
signatures in defensive resins and fossiliferous ambers. Proc. R. Soc. B 278, 
3219–3224 (2011).

 108. Pausas, J. G. Generalized fire response strategies in plants and animals. 
Oikos 128, 147–153 (2019).

 109. Schmidt, A. R. et al. Arthropods in amber from the Triassic Period. Proc. 
Natl Acad. Sci. USA 109, 14796–14801 (2012).

 110. Silvestro, D. et al. Fossil data support a pre-Cretaceous origin of flowering 
plants. Nat. Ecol. Evol. 5, 449–457 (2021).

 111. Donoghue, P. Evolution: the flowering of land plant evolution. Curr. Biol. 
29, 753–756 (2019).

 112. Thulin, M. et al. Family relationships of the enigmatic rosid genera Barbeya 
and Dirachma from the Horn of Africa region. Plant Syst. Evol. 213, 
103–119 (1998).

 113. Wilf, P., Carvalho, M. R., Gandolfo, M. A. & Cúneo, N. R. Eocene lantern 
fruits from Gondwanan Patagonia and the early origins of Solanaceae. 
Science 355, 71–75 (2017).

Acknowledgements
We thank Profs. Z.-k. Zhou, P. Herendeen, S. R. Manchester, Y.-w. Xing, G.-l. Shi, 
H.-l. You, C. Hoorn, G. Li, Z. Feng, D. Ren, B. Wang and Z.-j. Liu for their valuable 
advice on earlier versions of this manuscript; J.-a. Xia for his help with drawing the 
palaeoenvironment reconstruction; and F.-c. Zheng for help with micro-CT data 
analyses. This study was supported by the National Natural Science Foundation of 
China (No. 31801022 for S.W. and No. 31701090 for C.S.), and co-sponsored by the 
National Natural Science Foundation of China (No. 41790454 and No. 41688103 for 
Y.D.W.), Strategic Priority Research Program (B) of the Chinese Academy of Sciences 
(No. XDB18000000 and No. XDB26000000 for Y.D.W.), the State Key Laboratory of 
Palaeobiology and Stratigraphy (No. 20191103 for Y.D.W. and No. 213119 for S.W.), the 
Natural Science Foundation of Shandong Province (Grant No. ZR2019BC094 for S.W.). 
This work is a contribution to UNESCO-IUGS IGCP Project 679.

Author contributions
S.W. and C.S. conceived the study and wrote the paper. R.A.S., M.S.E., H.S., E.T., S.W., 
C.-y.C. and C.S. revised the paper. C.S., S.W., H.P., N.L., X.L., Q.-p.X., Z.-t.Z., C.-l.L., 
Y.-d.W., D.-Z.L., Z.K.Z., Y.F., X.-c.Z. and H.S. performed specimen identification and 
morphological analyses. C.S., H.-h.C., X.-x.L., H.-r.Z., J.Y., R.-x.J., Q.F., W.-c.S., H.-y.Y., 

NATuRE PLANTS | VOL 8 | FEBrUArY 2022 | 125–135 | www.nature.com/natureplants134

http://www.nature.com/natureplants


ArticlesNature PlaNts

X.-f.L. and J.-p.Z. performed fossil photograph and Micro-XCT data analyses. All authors 
discussed the results and commented on the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material 
available at https://doi.org/10.1038/s41477-021-01091-w.

Correspondence and requests for materials should be addressed to Shuo Wang.

Peer review information Nature Plants thanks Marion Bamford, Byron Lamont  
and the other, anonymous, reviewer(s) for their contribution to the peer review of  
this work.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

© The Author(s), under exclusive licence to Springer Nature Limited 2022

NATuRE PLANTS | VOL 8 | FEBrUArY 2022 | 125–135 | www.nature.com/natureplants 135

https://doi.org/10.1038/s41477-021-01091-w
http://www.nature.com/reprints
http://www.nature.com/natureplants


1

nature portfolio  |  reporting sum
m

ary
M

arch 2021

Corresponding author(s): Shuo Wang

Last updated by author(s): December 12, 2021

Reporting Summary
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Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection CT data were reconstructed with Dragonfly Pro 4.1.

Data analysis Phylogenetic analyses were performed using TNT 1.1 and RAxML 8.2. 

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

The Micro-XCT scanning data are available from Zenodo (doi: 10.5281/zenodo.3997200). Videos of the 3D reconstruction of internal and external structures of the 
fossil specimens are available from Figshare database (doi: 10.6084/m9.figshare.12865859). High resolution images of all the figures are available from Figshare 
database (doi: 10.6084/m9.figshare.12845144).
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Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description Description of two fossil species from 21 amber pieces from Myanmar.

Research sample A total of 21 amber pieces related to two fossil species were found among all our amber collection.

Sampling strategy The fossil species were quite rare in the amber collection. Since we used all of them in the study, so no statistical methods were used 
to determine sample size.

Data collection These fossils were photographed with a digital camera (Fujifilm GFX 50 R with Laowa C11625 2.6 X, Cambo Actar 105 hr or Mitutoyo 
5-10 X lens). Some specimens were also supplementarily photographed using a microscope Leica DVM6 and M205FA (Leica AG, 
Heerbrugg, Switzerland). Chao Shi recorded the data.

Timing and spatial scale Our study was initiated in 2015 and all amber specimens were acquired from local sellers before December 2016.

Data exclusions No data were excluded.

Reproducibility  Every micrographs were taken repeatedly (5 to 30 repeats) to ensure consistency. 

Randomization All fossil specimens were selected  (not randomly selected) for our study. 

Blinding The fossils were used for morphological description but not for experimental test, thus blinding is not applicable to our study.

Did the study involve field work? Yes No

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Palaeontology and Archaeology
Specimen provenance The material described herein originates from two amber mines located in the Hukawng Valley, Kachin State in northern Myanmar 

and all amber specimens were acquired from local sellers before December 2016, prior to the escalation of the humanitarian crisis in 
the region (https://doi.org/10.6084/m9.figshare.13317890.v1). The source and preservation of fossils are in full compliance with the 
laws of Myanmar and China, including Myanmar’s import and export regulations of jewelry and China’s laws and regulations on 
museum. The present fossils have been briefly introduced in a lecture and poster presentation at the XIX International Botanical 
Congress (IBC) in ShenZhen, China, July 2017 (lecture title ‘Mid-Cretaceous Seed Plant Diversity in Burmese Amber’, presented by 
Shuo Wang).  

Specimen deposition All 21 pieces of ambers (including 22 fossils) are curated at the Amber Museum of National University Science Park, Qingdao 
University of Science and Technology under collection number QUST-AM20501–12, QUST-AM32413–17 and QUST-AM33310 for E. 
priscastellata sp. nov., and QUST-AM32127, QUST-AM33311, QUST-AM20513–14 for P. piloburmensis sp. nov.
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Dating methods No new dates are provided.

Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight No ethical approval or guidance was required

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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