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ABSTRACT

A single staminate flower preserved in mid-Cretaceous Myanmar amber is described as Setitheca lativalva gen. et sp. nov. The fossil's
affinities appear to be with Monimiaceae and allied families of order Laurales. The perianth is composed of ca. 12 spirally arranged tepals of
varying size and shape. A single whorl of 10 stamens is attached to the margin of a flat central disc. There is no gynoecium. In some of the
stamens, the bilocular anthers are held upright, butin the others, the filaments are arched abaxially and the anthers are reflexed. Dehiscence
is extrorse via 2 lateral, dorsally-hinged valves, as also occurs in some members of Hernandiaceae. The spherical pollen appears to be inap-
erturate. Such features as the unisexual flowers, valvate anthers, and a perianth of numerous, spirally arranged tepals are consistent with
assignment of the fossil to this order of angiosperms.

RESUMEN

Se describe una sola flor estaminada conservada en ambar del cretacico medio de Birmania como Setitheca lativalva gen. et sp. nov. Las
afinidades del fosil parecen ser con Monimiaceae y familias relacionadas del orden Laurales. El perianto esta compuesto por ca. 12 tépalos
dispuestos espiralmente de tamario y forma variable. Un verticilo simple de 10 estambres estd unido al margen de un disco central plano. No
hay gineceo. En alguno de los estambres, las anteras biloculares son erectas, pero en los otros, los filamentos estan arqueados abaxialmente
y las anteras son reflejas. La dehiscencia es extrorsa por dos valvas laterales 2 lateral, giradas dorsalmente, como también ocurre en algunos
miembros de Hernandiaceae. El polen esférico parece ser inaperturado. Tales caracteristicas como flores unisexuales flores, anteras valva-
das, y un perianto de numerosos tépalos, dispuestos espiralmente son consistentes con la asignacion del f6sil a este orden de

angiospermas.

INTRODUCTION

In our previous studies of flowers from mid-Cretaceous Myanmar (Burmese) amber deposits, it has not always
been possible to make a firm placement of the fossils in a modern angiosperm family. Some examples of fami-
lies to which such amber flowers have been assigned, however, are Poaceae (Poinar 2004), Lauraceae (Poinar
2017), and Cunoniaceae (Chambers et al. 2010; Poinar & Chambers 2017). Only tentative assignments were
offered for Monimiaceae (Poinar & Chambers 2005), Cornaceae (Poinar et al. 2007), and Dilleniaceae (Poinar
& Chambers 2018), while no familial relationship was suggested for 3 fossils (Poinar et al. 2008; Poinar et al.
2013; Poinar et al. 2016).

In a discussion of the paleogeographic history of the amber deposits (Poinar 2018), it was hypothesized
that the fossils originated in early-Cretaceous araucarian forests in the Southern Hemisphere continent of
Gondwana. Their present location north of the equator is due to tectonic drift of the West Burma Block, per-
haps as part of the Greater India Plate, northward from Gondwana to Asia during the Cretaceous and into the
Eocene. This proposal may help to explain an apparent relationship of some of the fossil insects and angio-
sperms to higher taxa that presently are limited to the Southern Hemisphere (Poinar 2018). As discussed
below, the flower described here may have its closest affinities with members of the Laurales, especially fami-
lies traditionally allied with the Monimiaceae (Renner 1999).

The perianth of Setitheca, like that of various genera of Magnoliidae, is not differentiated into a calyx and
corolla but rather is composed of numerous spirally arranged, irregularly shaped tepals (Figs. 1, 2). The recep-
tacle is obconic (Figs. 2, 3). Centered on its truncate apex is a flat disc on whose margin are attached 10 stamens
in a single whorl (Fig. 1). The filaments are short and taper upward from a thickened base, on the abaxial side
of which is a pair of thin, elongated, perhaps glandular appendages (Fig. 4). Anther dehiscence is by 2 dorsally
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Fic. 1. Setitheca lativalva. Flower in apical view. A. Tepals. B. Stamens. C. Anther. D. Filament. E. Disc. Scale bar = 1.7 mm.

hinged lateral valves (Figs. 4, 5). The possible taxonomic significance of this rare type of valvate anthers is
discussed below. Pollen grains, as well as can be determined, are more or less spherical and inaperturate (Figs.
6,7).

The fossil record of angiosperms in the Cretaceous Period, including the various ways by which flowers
and fruits have been preserved, has been described in detail by Friis et al. (2011). These authors questioned the
proposed age of amber deposits in the Hukawng Valley of Myanmar (op. cit., p. 34) and suggested that the
morphological organization displayed by the floral remains is too advanced to be of mid-Cretaceous age. They
proposed a Late Cretaceous or even Early Cenozoic age for the amber. However, as reported below and in our
earlier papers, both paleontological and radiometric data support an age for the amber at or close to the Upper
Albian—Lower Cenomanian boundary. Flowers now known from Myanmar amber thus add to the variety of
floral structures and adaptations in early angiosperms, as have already been described from the mesofossil
compressions and charcoalifed flowers used in analyses by Friis et al. (2011). Our proposed placement of
Setitheca in the Laurales is consistent with the reported Early Cretaceous age of angiosperm floral remains,
including those from the Puddledock locality in Virginia, that were assigned to this order (Crane et al. 1994,
von Balthazar et al. 2007, Friis et al. 2011, pp. 232, 484).

MATERIALS AND METHODS

The amber containing the fossil was obtained from mines at the Noije Bum 2001 Summit Site in the Hukawng
Valley, located southwest of Maingkhwan in Kachin State, Myanmar (Poinar et al. 2005). Based on marine
paleontological data (ammonites) and palynological (pollen) evidence, the amber-bearing strata were initially
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B T M Ceps

Fic. 2. Setitheca lativalva. A. Flower in basal view. T. Tepals. R. Receptacle. P. Broken stump of pedicel. B. Drawing of flower in basal view, with labels
asin fig. 2A. Scale bar = 1.7 mm for both A and B.
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Fic. 3. Setitheca lativalva. Flower in lateral view. A. Anther. C. Apiculate tips of connectives. T. Tepal. R. Receptacle. Scale bar = 0.9 mm.

assigned to the Upper Albian (97-110 Ma) of the Early Cretaceous (Cruickshank & Ko 2003). A later study,
using U-Pb dating of zircons, determined the age to be 98.79 + 0.62 Ma (Shi et al. 2012). Because samples used
in the latter study were taken from marine sediments in which the fossils had been redeposited from their ter-
restrial origin, the amber must be even older than this date. Nuclear magnetic resonance (NMR) spectra and
the nature of wood fibers in specimens from the Noije Bum 2001 Summit Site indicate that the source for the
amber was resin from a tree of the Araucariaceae (Poinar et al. 2007).

Observations and photographs were made with a Nikon SMZ-10 R stereoscopic microscope and Nikon
Optiphot compound microscope with magnifications up to 800x. Helicon Focus Pro X64 was used to stack
photos for better depth of field. Background details were removed to improve the image in the various figures.

DESCRIPTION

Setitheca Poinar & K.L. Chambers, gen. Nov. Type Speciks: Setitheca lativalva Poinar & K.L. Chambers, sp. nov.

Flower staminate, receptacle obconic, perianth of ca. 12 spirally arranged tepals, tepals free, imbricate, spread-
ing, variable in size and shape (Figs. 1, 2), petals 0, stamens 10, attached to the irregular margin of a flat disc in
the center of the flower, filaments short, thickened at the base, anthers erect or sharply recurved abaxially
(Figs. 1, 4), bilocular with protruding thecae, thecae bearing variously sized setae, dehiscing by 2 dorsally
hinged lateral valves (Figs. 4, 5, 7), connective apiculate (Figs. 3, 5), base of filament with 2 thin, elongate, per-
haps glandular appendages (Fig. 4), pollen spherical, inaperturate (Figs. 6, 7), pistil 0, pistillate flowers
unknown.

Setitheca lativalva Poinar & K.L. Chambers, sp. nov. (Figs. 1-8). Tyre: MYANMAR (BURMA). KACHIN: northern
Myanmar. Amber mine in the Hukawng Valley SW of Maingkhwan (26°20'N, 96°36'E), unknown amber miner (HOLOTYPE: accession
number Burmese-1032, deposited in the amber collection of Grand Huang, 564 Darwin Blvd, Edison, New Jersey 08820, U.S.A.).

Flower of maximum width 4.9 mm as measured between tips of longest tepals, receptacle puberulent, 1.7 mm
long, 1.8 mm wide at the apex (Fig. 3), perianth irregular, tepals triangular to lanceolate, elliptic, or broadly
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Fic. 4. Setitheca lativalva. Stamen with reflexed anther in apical view. A. Filament. B. Anther. C. Valves covering pollen locules. D. Partially opened valve
showing interior of locule. E. Basal appendages. Scale bar = 0.1 mm.

linear (Figs. 1, 2), length 0.7-2.0 mm, width 0.6-1.0 mm, apices acute or obtuse, margins irregular, ciliate (Fig.
8), venation mostly obscure, disc + 2.0 mm in diameter (Fig. 1), stamen filaments ca. 0.3 mm long, narrow,
tapering distally from a thickened base, basal appendages (glands) 0.2 mm long, thin, narrowly triangular
(Fig. 4), anthers basifixed, 0.2 mm long, sparingly strigose (Figs. 4, 7), valves 0.1 mm wide, 0.17 mm long at the
base, with a rounded margin, pollen diameter 40 um.

Etymology.—Genus name from the Latin “seta,” bristle, and “theca,” container, referring to the setae pres-
ent on the anther locules. Species name from the Latin “latus,” side, and “valva,” leaf of a folding door, referring
to the lateral valves of the anther.

DISCUSSION

When describing an amber-embedded angiosperm fossil, it is unusual to have more than one flower accessible
for examination. In our past work on Myanmar amber, multiple specimens of the species being analyzed were
available in only 3 cases (Micropetasos, Poinar et al. 2013; Tropidogyne, Poinar & Chambers 2017; Endobeuthos,
Poinar & Chambers 2018). In the case of Setitheca, with only a single staminate flower at hand, we are missing
information about the gynoecium that might help to verify its proposed assignment to Order Laurales. For
example, the obconic base of the flower, described here as a receptacle (Figs. 2—4), may, in pistillate flowers of

This document is intended for digital-device reading only.
Inquiries regarding distributable and open access versions may be directed to jbrit@brit.org.



648 Journal of the Botanical Research Institute of Texas 12(2)

Fic. 5. Setitheca lativalva. Anther in oblique dorsal view. A. Filament. B. Pollen locules. C. Connective. D. Apiculate tip. Scale bar = 0.05 mm.

the species, be equivalent to the hypanthium that in many lauralian taxa surrounds or is fused with the gynoe-
cium (e.g. Philipson 1993, fig. 97 E, N; Renner 2004, fig. 128 G).

Other distinguishing features of the fossil, especially the androecium, support the proposed placement of
Setitheca in order Laurales. The whorl of 10 stamens around a central disc approaches the arrangement seen in
Monimiaceae (e.g. Peumus, Pax 1891, fig. 65 C, E; Philipson 1993, fig. 94 B) and Atherospermataceae
(Atherosperma Pax 1891, fig. 68 E; Laurelia Perkins & Gilg 1901, fig. 24 C, M). Valvate anthers characterize
most families of Laurales (e.g. Atherospermataceae, Gomortegaceae, Hernandiaceae, Lauraceae, Siparunaceae),
but not Calycanthaceae and Monimiaceae. Lateral anther valves that open along a dorsal hinge, as in Setitheca
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Fic. 6. Setitheca lativalva. Pollen grains. Scale bar = 18 pm.

(Figs. 5, 6), are rare, however, and thus far are known only in the genus Hernandia (Renner 1999, p. 1308). This
unusual type of dehiscence is illustrated by Endress and Hufford (1989, figs. 128, 129) for the anthers of
Hernandia peltata.

Anthers of Setitheca also are characterized by an apiculate extension of the connective (Figs. 3, 5). A dis-
cussion of the androecium of Early Cretaceous angiosperms by Friis et al. (2011, p. 401) cites Aptian-Middle
Albian floras from Portugal as including many mesofossils that show an apical extension of the anther connec-
tive. A sterile apical appendage is also common in anthers of mid-Cretaceous flowers (op. cit., p. 402). In
Setitheca, the appendages are obviously not long enough to have had a specialized function, such as floral pro-
tection or pollinator attraction, as in the modern genera Asimina or Nelumbo (Friis et al. 2011, p. 403; Endress
& Hufford 1989, fig. 132). Illustrations of some genera of Monimiaceae, e.g. Palmeria and Tambourissa (Perkins
& Gilg 1901, fig. 18), show apiculate anthers with a slightly extended connective much as in Setitheca. An iso-
lated fossil stamen obtained at the Early-Middle Albian Puddledock locality, illustrated by Friis et al. (2011, fig.
16.10 C) is bilocular, with valvate dehiscence and an apiculate anther connective much like the anthers of
Setitheca.
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Fi. 7. Setitheca lativalva. Portion of the margin of anther valve, with pollen grains (arrowheads) and setae (arrows). Scale bar = 86 pm.

There is no way of knowing if the pair of thin, elongate appendages at the base of the stamen filaments in
Setitheca (Fig. 4) had a glandular function. Their form is much like the glands on the stamens of Atherosperma
moschatum (Philipson 1993, fig. 94 H). Basal glands of various types are well known in many present-day
genera of Laurales and often function as nectar-producing organs. Sometimes the glands are fused to form a
cushion or collar (e g. Laurelia sempervirens, Perkins & Gilg 1901, fig. 21 D; Hernandia peltata, Endress & Huf-
ford 1989, fig. 129). Another similarity of the androecium of Setitheca to some extant Laurales is the presence
of bithecal anthers with 1 pollen sac per theca. Among Monimiaceae, the stamens may possess either 1 or 2
pollen sacs per theca (Endress & Hufford 1989, p. 60). In Hernandiaceae and Siparunaceae there is 1 pollen sac
per theca (op. cit., p. 64, 65; Renner & Hausner 2005, fig. 11 F). In Lauraceae, anthers may be either 2- or
4-locular (Rohwer 1993). The sharp bristles decorating the pollen sacs of most stamens in Setitheca (Figs. 5, 8)
may have been an adaptation to protect against herbivorous insects.

The perianth of Setitheca has proved to be something of a puzzle because of its irregularity, expressed in
the varying sizes and shapes of the numerous tepals (Figs. 1, 2). Although spirally arranged, the tepals do not
show a gradual progression of small outer ones to larger inner ones. A similarly polymerous perianth was illus-
trated by Endress (1980) for the genus Hortonia (Monimiaceae), in which the outer 2 pairs of small tepals are
decussate and the remaining 16 parts are gradually larger and spirally arranged (op. cit. figs. 1, 2). As in
Setitheca, Hortonia shows no differentiation of the perianth into sharply defined sepals and petals. Hortonia
otherwise differs from Setitheca in that its flowers are bisexual, its anthers dehisce by slits, not valves, and the
pair of nectary glands by each filament are enlarged and flaring. According to Philipson (1993, p. 4206), the
perianth parts in Monimiaceae sensu lato (including Atherospermataceae and Siparunaceae) may be spiral,
whorled, or decussate.

Extant families of Laurales with relatively numerous perianth parts also include Hernandiaceae, in which
the tepals may occur in 2 whorls of 3-6 each or in 1 whorl of 4-8 (Kubitzki 1993b, p. 334). An example is
Hazomalania (op. cit., fig. 76), with 10 perianth parts of + equal size arranged in 2 whorls of 5. In
Atherospermataceae, Laurelia sempervirens from Chile is described as having the pistillate flowers with a peri-
anth of 6-12 unequal tepals, those of the outer series being much smaller than the inner (Perkins & Gilg 1901,
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Fi. 8. Setitheca lativalva. Tip of a tepal. Note irregular ciliate margin. Scale bar = 0.2 mm.

pp. 76—77). The monotypic Chilean family Gomortegaceae has a tepaloid perianth that is “indistinctly trimer-
ously whorled, with ca. 7-10, ovate to oblong lobes” (Kubitzki 1993a). The anthers of the 7-13 bilocular
stamens differ from Setitheca in that they dehisce by 2 apically hinged valves, and the filament appendages are
globular and glandular.

The above families and genera of Laurales, selected for comparison with Setitheca, are those whose rela-
tionships were examined in a combined morphological and molecular phylogenetic study by Renner (1999).
Her sample of genera, representing the traditional families Lauraceae, Monimiaceae, Gomortegaceae, and
Hernandiaceae (Pax 1891, Perkins & Gilg 1901; Kubitzki 1993a, b; Philipson 1993), fell into 2 principal groups
or clades. Various morphological similarities and differences between Setitheca and some present-day mem-
bers of Laurales are discussed above. However, having available only the single, staminate flower described
here, we do not propose even a tentative assignment of the fossil to a particular extant family. We may hope
that more can be learned about this extinct taxon if future studies of Myanmar amber provide us with addi-
tional examples of its floral variability.
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