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Abstract

The evolution of flowers is among the foremost topics in
evolutionary science. The question for botanists of how
flowers evolved exists mainly due to lack of relevant fossil
evidence, especially of well-preserved flowers. Dominican
amber has yielded abundant fossils (including those of
flowers) and thus opens aunique window on flower evolution.
Here we report a unique flower preserved in mid-Miocene
Dominican amber, Dinganthus pentamera gen. et sp. nov.
The flower is actinomorphic, pentamerous, bisexual flower
including two bracts, five tepals, 10 stamens, and gynoecium.
The stamens are dorsifixed, filamentous, and latrorse. The
gynoecium in the centre comprises three portions, namely,
a basal gynophore, multiple ovaries in the middle, and an
apical style. Supplementing to the developmental and genetic
evidence, the unique morphology of Dinganthus suggests
that a flower is a condensed shoot with lateral appendages, a
long-held belief in botany.

Keywords: flower, Miocence, amber, eudicots, Dominica,
Dinganthus

Introduction

Flowers bring beauty to the world and they are cherished
by many. How flowers have evolved is among the 125 top
science questions listed by Science (Kennedy & Norman,
2005). A long-held belief dated back to the Linnean
age is that a flower is a condensed shoot with lateral
appendages. Although developmental and genetic studies
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support it (Wang et al., 2011; Zhang, 2019), almost none
of fossil flowers (Poinar & Chambers, 2005; Poinar et al.,
2007,2008a, b, 2016; Poinar, 2017; Poinar & Rasmussen,
2017; Fu et al., 2018; Liu et al., 2018; Manchester et al.,
2018; Wang, 2018) favors this belief. Dominican amber
(15-20 Ma, mid-Miocene) is famous for its diverse fossil
inclusions, including some of flowers (Iturralde-Vinent &
MacPhee, 1996; Iturralde-Vinent, 2001; Sherwin, 2006;
Poinar, 2010, 2016a, b; Ayala et al., 2017; Ross, 2019).
Here we report a new fossil flower, Dinganthus gen. nov.,
in an amber uncovered from eastern Dominican Republic
(Fig. 1). The flower is actinomorphic, bisexual, including
two bracts, five tepals, 10 filamentous stamens, and a
gynoecium. Its unique morphology resembles that of a
shoot with various lateral appendages, favoring the above
long-held botanical belief.

Material and methods

The specimen was collected from the Comatillo Mine,
eastern Dominican Republic (18.750°N, 69.635°W) (Fig.
1). The holotype (FAI-D-p00057) is deposited in the
collection of the Fushun Amber Institute, Fushun, China.
Observations and photographs were made with
a Nikon SMZI1500 stereomicroscope. Micro-CT was
performed using a Zeiss Xradia 520 versa X-ray
microscope. The 3D reconstruction and virtual sections
were generated using VG Studio MAX 3.0. All figures
were organized for publication using Photoshop 7.0.
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FIGURE 1. Dominican Republic geological map (modified from Ayala et al. (2017)) showing the location of the fossil site of

Dinganthus pentamera gen. et sp. nov., the Comatillo Mine in eastern Dominican Republic.

Systematic palaeontology

Angiospermae
Eudicots
Family Incertae sedis

Dinganthus gen. nov.

Type species. Dinganthus pentamera sp. nov.

Etymology. Ding-, dedicated to the former president
of the Peking University and famous mathematician, Dr.
Shisun Ding (September 5, 1927-October 12, 2019; Fig.
2C); “anthus”, for the Greek “anthos” (flower).

Diagnosis. Flower actinomorphic, bisexual, with
two subopposite bracts, a whorl of five tepals, a whorl of
ten stamens, and gynoecium. Tepals and stamens arising
on a hypanthium. Tepals distinct, oval, entire-margined.
Stamens filamentous, dorsifixed, latrorse. Gynoecium
comprising multiple (probably eight) fused carpels
arranged in a whorl, with a basal gynophore and an apical
elongated style.

Dinganthus pentamera gen. et sp. nov.
(Figs 2-3)

Holotype. FAI-D-p00057, deposited in Fushun Amber
Institute, Fushun, China.

Etymology. The specific epithet pentamera is for the
pentamerous symmetry of the flower.

Type locality and age. The Comatillo mine, eastern
Dominican Republic (18.798°N, 69.595°W) (Fig. 1). The
late Early Miocene—early Middle Miocene (15—20 Ma)
(Iturralde-Vinent & MacPhee, 1996).

Description. The flower (including the stalk) is 4 mm
long and 3.3 mm in diameter (Figs 2A, B, 3C). The flower
includes a stalk, two bracts, five tepals, ten stamens, and
a gynoecium (Figs 2A, B, 3C). The stalk is terete, 0.37
mm in diameter and 1.6 mm long (Figs 2A, B, E, 3C).
Two bracts are subopposite at the base, distanced from
the tepals, each about 0.65 mm long and 0.33-0.49 mm
wide (Figs 2E, 3C). Five tepals are distinct, in a whorl,
each 1.8 mm long and 1.3-2 mm wide, with a round
tip and recurved fringes, imbricate, sessile on the outer
margin of the hypanthium (Figs 2F, 3C, H). Ten distinct
stamens are in a whorl, arranged on the inner margin of
the hypanthium, each includes a slender filament and a
dorsifixed, latrorse, probably tetrasporangiate anther
(Figs 2F-I, 3A, B, G-I). The filament is approximately
0.15 mm wide basally, slightly tapering to only 66 pm
wide distally, up to 2.4 mm long (Figs 2F-H, 3A, B).
The anther is 0.61 mm long, 0.3-0.37 mm thick, and
0.33 mm wide, opens by two lateral longitudinal slits
234-310 pm wide, with a ridge in each half of the opened
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FIGURE 2. Dinganthus pentamera gen. et sp. nov. in a Dominican amber and its details. A, The specimen is three dimensionally

preserved in amber. Scale bar = 1 mm. B, Micro-CT rendering of the flower. Scale bar = 1 mm. C, Dr. Shisun Ding (1927-2019),

former president of Peking University and leading mathematician. D, Micro-CT view of the gynoecium, showing the basal

gynophore (lower yellow arrow), middle hirsute fertile portion (white arrow), and apical style (upper yellow arrow). Scale bar =

0.3 mm. E, Transverse view showing two subopposite bracts (yellow arrows) on either side of the stalk. Scale bar = 0.2 mm. F,

Adaxial view of a tepal with two corresponding filaments (arrows) on its adaxial. Scale bar = 0.5 mm. G, One of the stamens, with

a curving filament. Scale bar = 0.5 mm. H and I, Lateral (H) and abaxial (I) views of the anther in G, showing spatial relationship

between the filament (blue) and the dorsifixed anther. Note a ridge (between two blue arrows in H) inside each half of the opened

anther. Scale bars = 0.1 mm.

anther suggesting each half of the anther is result of the
fusion between two formerly separated pollen sacs (Figs
2G-1, 3A, B). The gynoecium is situated centrally above
a discoid structure, including a basal gynophore, several
ovaries in middle, and an apical curved style (Figs 2D,
3C-E). The gynophore is 0.43 mm in diameter, about 0.4
mm long (Figs 2D, 3C, D). The middle portion has eight
longitudinal hirsute ridges, 0.52 mm in diameter, 0.6 mm
long (Figs 2B, D, 3C, D, J). The carpels (suggested by the
longitudinal ridges) are in a whorl, each with void locule
and covered with hairs arranged in longitudinal files (Figs
2D, 3C-E, J). The apical elongated style is curved, about
1 mm long, 89 pm wide basally, tapering to only 49 um
apically (Fig. 2D).

Remarks. There is uncertainty over our interpretation
of the gynoecium. Currently, we interpret it as multiple

(probably eight) syncarpous carpels sharing a single
style, due to eight obvious longitudinal hirsute ridges on
the gynoecium surface (Fig. 2D). It appears possible that
these carpels are plurilocular (Figs 3C—E), but this could
not be confirmed as definitely true since Micro-CT cannot
differentiate ovules/seeds from other plant tissues (such
as septa) within carpels. We prefer to leave this question
open for future investigations.

Discussion

Affinity

Angiosperms are distinguished from gymnosperms by
their ovules enclosed before pollination (Tomlinson &
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FIGURE 3. Micro-CT renderings and views of Dinganthus pentamera gen. et sp. nov. A, Rendering of a stamen including an
elongated curving filament and dorsifixed anther. Scale bar = 0.5 mm. B, Apical view of the anther in A, showing the filament
(yellow arrow) and a ridge (white arrows) inside each half of the opened anther. Scale bar = 0.1 mm. C, Longitudinal section of
the flower, showing bracts (yellow arrows), tepals (white arrows) and stub of a filament (blue arrow) on the hypanthium, discoid
structure (red arrows), and gynoecium (black arrow). Scale bar = 0.5 mm. D, Detailed longitudinal section of the gynoecium,
showing hairs (white arrow) and carpels with void locules (black regions) arranged at different levels. Scale bar = 0.2 mm. E, A
longitudinal section of the gynoecium, showing the hairy periphery and apical style. Scale bar = 0.5 mm. F, Transverse section of
a stamen, showing the filament (yellow arrow) and a ridge (white arrows) in each half of the anther. Scale bar = 0.1 mm. G and I,
Two transverse sections of the flower at different levels. Note five tepals, 10 filaments, and gynoecium in the center. Scale bars =
1 mm. H, Transverse section of the flower, showing five tepals, 10 filaments, and gynoecium in the center. Inset shows recurved
tepal fringe marked by triangle in the main figure, rotated by 90 degrees. Inset scale bar = 0.1 mm. Scale bar = 1 mm. J, Detailed
transverse section of the fertile portion of gynoecium showing void locule in the ovary and hairs (arrows) on the surface. Scale bar
=0.1 mm.

Takaso, 2002; Wang, 2010, 2018). The dark regions in seen in, for example, Wimmeria, Salacia (Celastraceae),

longitudinal and transverse Micro-CT views of Dinganthus
gynoecium are conspicuous (Figs 3C-E, J) due to the
presence of secluded void locule. If they were not fully
secluded, these ovarian locules should have been filled
with the amber, when it was a fluid resin originally. The
presence of void ovarian locules in these views indicates
that the ovaries are closed in Dinganthus, namely, ovules
in Dinganthus are enclosed. This feature, in addition to its
flower-like general morphology, pins down the bona fide
angiospermous affinity for Dinganthus.

Among angiosperms, Dinganthus resembles eudicots
in pentamery, whorled arrangement of tepals, stamens,
and carpels. Core Eudicots usually are characterized by
their well-differentiated sepals and petals, pentamerous
perianth, pentamerous androecium, and shared style, as

Telephium (Molluginaceae), and Cyrilla (Cyrillaceae)
(Tab. 1). The carpels in Dinganthus are more or less
arranged in a whorl (Fig. 2D). The multitude of carpels
and shared apical style are features frequently seen in
typical Eudicots. The pentamerous perianth and stamens
also suggest an affinity of Eudicots. But the possibly
octamerous gynoecium makes Dinganthus unique and
different from all known Eudicots.

Many flowers have been reported from amber (Poinar
& Chambers, 2005,2015,2017; Poinar et al.,2007,2008a,
b,2013,2016;Rossetal.,2010; Chambers & Poinar,2012a,
b, 2014a, b, 2016; Chambers et al., 2010, 2012; Poinar &
Struwe, 2016; Liu et al., 2018), including Treptostemon,
Brevitrimaris, Trochanthera, Distigouania, Ticodendron,
Strychnos, Trichilia, Swietenia, and Dasylarynx from
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FIGURE 4. Reconstruction of Dinganthus pentamera gen. et sp. nov. A, Oblique side view. B, Top view. C, Side view. D, Bottom

view.

Dominican amber. The history of Eudicots can be dated
back to the mid-Cretaceous (Liu et al., 2018; Manchester
et al., 2018). Some of the comparable representatives of
Eudicot fossils, including Lijinganthus, Dakotanthus,
Lachnociona, Tropidogyne, Eoépigynia, Trochanthera,
Distigouania, Ticodendron, Strychnos, Trichilia and
Swietenia are compared with Dinganthus in Table 2.
Different from flowers typical of Eudicots in which
all three or four whorls of organs are highly concentrated
to the same point (receptacle) or very limited range of
the flower axis, Dinganthus has an obvious gynophore. A
gynophore similar to Dinganthus has been seen in some
angiosperms, e.g., Magnoliales (Michelia (Magnoliaceae))

(Zhang et al., 2017), Malpighiales (Passiflora
(Passifloraceae)) (Judd et al., 1999), Brassicales
(Cleomaceae, Capparaceae, Brassicaceae) (Endress,
2010), Sapindales (Boenninghausenia (Rutaceae)

(Endress, 2010)). Compared with typical flowers in core
Eudicots, Dinganthus with its gynophore and distantly
spaced flower parts demonstrates a great resemblance to
that of a shoot with various lateral appendages.

Theoretical implications

A long-held botanical belief is that a flower is a
metamorphosed shoot. This idea can be dated at
least back to 1751 when Carl Linnaeus published his
monograph Philosophia Botanica. Although supported
by developmental and evo-devo genetic evidence (Wang
et al., 2011; Zhang, 2019), this hypothesis remains
unfounded by fossil evidence hitherto. Considering this
hypothesis is a premise for many botanical speculations,
fossil evidence favoring it helps to consolidate the
foundation of botanical mansion. Dinganthus seems to be
the badly wanted fossil evidence in this term.
Itisconceivablethat, inancestral flowers, an elongated
shoot with various vegetative and reproductive lateral
appendages becomes increasingly telescoped, leading to
morphology typical of extant eudicot flowers, namely, all
their organs are concentrated to very limited range along
the flower axis (called receptacle now). If this inference is
correct, future search for ancestors of flower should focus
on some fossil taxa with shoots bearing distanced fertile

428 < Palaeoentomology 003 (4) © 2020 Magnolia Press

LIU ET AL.



23vd jxou Y] UO panuUnUoI" """

vjopida]

®©80(T /v 12 Teulod  elotuedsIip Toque & A I3 uou [eotayds T 110ys 3SI0NXd ‘p—¢ yuerad Jreyad ou oydiowouroe
DAYIUDYDIOL]
Qjeuuod Sisuauling

€10T “*[v 12 TeUIOg euLng IOqWE  POAIND ‘| I Jou1adns ouou  oyernirodern z 10pUd[s snoJownu 0 sok  oydiowounoe
Areseq ‘g sospjado.oy
S00T nsuvny

rULING Ioquie I i 1A ouou  orernyradeut % Joys paoxiiseq ‘g pasnj ‘g quou ou owjdiowounoe
“s1oquiey)) 29 Ieulog D]121YUPOIVIDJ
JJBAJRA sisuauLing

L00T v 12 1RUIO] ruLng Ioque PA pasny JoLdgul juasaxd  jojerodjoorn A I9pUd[s 9SOMUI ‘PIXIJISIOP ‘f pasnj ‘4 sak  oydiowounoe
‘021 ‘¢ vrudsidaos

L10T ‘s1oquiey)
JUSTIOAIP 19pUd[S IS ‘js100UL pasny
2 Ieutod {010T rULING Joquie pasny ‘¢-7 JoLIOJUT juosaid I A 0 sk omydiowounoe audSopidoa]
€T ‘Uoys  ‘PaXYISIOp/pAXLIseq ‘O] Apysis ‘g
“[p 12 sS1qQUIRYD)

QAJBA ‘OSIONXD syuLIng

L10T ‘Teutog rULING Ioquie 1A i A A 1A % 1oys 9 quou ou owjdiowounoe
/osI00jUl ‘PaxXIjIseq ‘g SNAND]OISD))
jou  IOLIdJUI-J[RY IDLLID]

Q8007 v 12 1eUI0] euLng Ioque  JUOAIUUOD juosaxd A 1 10pUo[s 01 duou 1) ‘¢ ou omydiowouroe
10 pasnj ‘g ‘orradns DUOIDOUYID']
810T Jenieds S1ULI0J1p10D

VSN QUOISI[IS  JUITIAIP pasnj ‘g Jouadns ouou  drernzodern 4 nojs S “PAXIJISIOP ‘0] RENY sok  oydiowounoe
“*ID 12 191SAUOURIA 01y °¢ Snyuv]oyD ([
IS ‘as1onul NJOAdL pInjoaaL

810C “/v 1o NIy euLng Joquie ou pasnj ‘¢ 1ouadns ouou oedjoorn T I0pud[s I ‘G sok  oydiowounoe
‘paxyISIOp “(;01) 8 021y °g smyppupsuifi
paAImdaI vadwwiudd

Apmys siyl  eounwoq Joquie  PIAINd ‘| pasny 48 Jouadns  wnryuedAy A ¥ IOPUD[S  JI[S ‘OSIONB] ‘PIXIJISIOP ‘O Q01 ‘7 sok  oydiowounoe
0015 ‘g snypup3uig

BIpIW
0UIRJY Kyeooy J1K18 1odie) A18AQ dno fero[] ureid ug[od SoBS U[[OJ JUSWIE[I] uowe)g  [edoy/ered 1owiq/edes [enxosig AnowwAg
UONBAIISAI]

"SIOMO[J [ISSOJ OWIOS pue snijup3uig U2am)2q uostredwo) ‘¢ ATIVL

Palaeoentomology 003 (4) © 2020 Magnolia Press < 429

A UNIQUE FLOWER IN MIOCENE AMBER



810 ‘sepesoJ-epaueise)) DO1U2I01U

OOTXOIA Joquie wniyuedAy (IOpUd[s PpaxijIseq ‘g S S sok  orydiowouroe
29 ZOPUBUIOH-ZOPURUIOH DIUDNOL)
14102]2

9[0T ‘omnng 2 J1euiod ejoruedsiy Ioquie 1A [ISsas J[S ‘os1onul ‘g pasny ‘g i sok  owydiowounoe
souyoA.1g
qc1oc posny SisuaouIUiop

ejoruedsry Joque uou A 01 Q01j ‘g jou  orydiowournoe
‘reulo 2 s1quey)) Areseq ¢, DIUIIIING
eH10T oSIp S1DN32.111

ejoruedsiy Iquie Iopuo[s 1+ 1+¥ S ou orydiowo3Az
‘Ieulod 2 sroquiey) rerpuedAg pIUDNO3SIT
qr10T somwpd

ejoruedsig Ioquie quou A i 0 € ou oydiowounoe
‘IRUIOg 29 SIOqUIBYD) uopuaPoI1L
SnIpnoAD

910 ‘Ieulod 29 s1oquiey) ejoruedsig Ioquie ouou JI0ys asIone| ‘¢ a1y ‘¢ ¢ sok  omjdiowounoe
SLADWLINAG
s1suaunuop

10T v 12 s1oquiey)  ejotuedsTH Ioquie Juou 110ys sa1o0d ‘as101xa ‘6 21 ‘9 A ou owydiowounoe
uowaysoyda|

BC10T
ejoruedsiyg Ioquie quou JIoys 01—+ 1) ‘G A (SoK  omydiowounoe DYoL
‘IeuIog 29 SIOqUIBYD)
BIpOW
Q0UIOJOY Ayreso dno [ero[ urerS uo[od soeS US[[OJ  JUSWEB[I] uoweyg  [edop/erod  1oeiq/edos [enxasig AnowwAg
UONBAIISAI]

(ponunuo)) 7 ATdV.L

LIU ET AL.

430 < Palaeoentomology 003 (4) © 2020 Magnolia Press




and sterile lateral parts. This inference also helps botanists
to understand the perplexing flower morphology in early
fossil angiosperms, including Archaefructus (Sun et al.,
1998) and Yuhania (Liu and Wang, 2017).

Conclusion

The unique morphology of Dinganthus suggests that
a flower is a condensed shoot with various lateral
appendages, strengthening the long-cherished condensing
interpretation of flower origin.
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