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The enigmatic Central American tree Haptanthus hazlettii has recently been placed in Buxaceae (Buxales) by
molecular evidence. However, Haptanthus appears morphologically to be fundamentally different from other
Buxales in having pluriovular carpels with parietal placentation and reduced male reproductive units of an obscure
morphological nature. The latter have been interpreted to be pairs of unistaminate flowers, or single flowers, either
bearing two stamens or a pair of phyllomes with adnate introrse anthers. We (re-)investigated the structure of the
inflorescences and flowers of Haptanthus in order to clarify their homologies with reproductive structures of
Buxales. We found that, despite some distinctive traits of flower morphology, Haptanthus shares many floral
characters, including the opposite and pairwise arrangement of floral organs and the fusion between perianth
members and stamens, with some Buxales and other early-branching eudicots. The plicate and pluriovular
gynoecium of Haptanthus may be the result of a drastic elongation of the symplicate zone, accompanied by an
increase in ovule number, and is thus a derived trait in Buxales. The anther-bearing structures are phyllomes with
adnate anthers rather than stamens or unistaminate flowers. © 2015 The Linnean Society of London, Botanical
Journal of the Linnean Society, 2015, e ee_oe,
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INTRODUCTION Stevens, 2005). Staminate and carpellate organs
were only preceded by minute phyllomes (Doust &
Stevens, 2005). Its unique morphological features
made the task of finding a stable phylogenetic posi-
tion difficult. Several taxa have been proposed as
candidate related groups (Goldberg & Alden, 2005),
but the morphological support for these relation-
ships is problematic.

At that time, only two herbarium specimens of
H. hazlettii existed and all attempts to extract DNA
from them were unsuccessful. Several expeditions
were organized with the goal of re-collecting the plant,
but they failed as the locus classicus in Honduras had
been converted into pastures and the species was
*Corresponding author. E-mail: aoskolski@uj.ac.za deemed to be extinct (Doust & Stevens, 2005). As a

The enigmatic Central American tree Haptanthus
hazlettii C.Nelson was only discovered in 1980 and
described as a new species and genus in 1989
(Goldberg & Nelson, 1989; Doust & Stevens, 2005).
Later, the new monotypic family Haptanthaceae was
proposed based on its unique morphological charac-
ters (Nelson, 2001). The plant was described as
having an extensively modified inflorescence with a
central carpellate flower and two preceding clusters
of staminate organs of questionable nature (Doust &
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consequence, Takhtajan (2009) still considered Hapt-
anthaceae to be the only family of uncertain position
among angiosperms.

However, a recent expedition was successful in
finding the plant in new locations, which made the
extraction of DNA and the sequencing of the barcoding
region of the plastid rbcL gene possible (for details, see
Shipunov & Shipunova, 2011). The subsequent phylo-
genetic analyses provided reliable support for the
placement of Haptanthus Goldberg & C.Nelson in
Buxaceae among early-branching eudicots (Shipunov
& Shipunova, 2011), and this placement helped in the
understanding of some features of the peculiar repro-
ductive structures of Haptanthus. Malagasy Didyme-
les Thou. (sister group to Buxaceae), for example, has
similarly reduced flowers and stamens that are
arranged in pairs, and inflorescences of Buxus L. have
a central female tricarpellate flower and lateral male
flowers as found in Haptanthus. Nevertheless, the
identity of the staminate organs in Haptanthus
remained obscure. These organs have been interpreted
to represent pairs of naked unistaminate flowers or
single flowers bearing either two stamens with flat-
tened filaments or a pair of tepals/bract-like phyllomes
with adnate introrse anthers (Doust & Stevens, 2005).
In addition, the gynoecium structure of Haptanthus
differs from that found in other Buxales. Hapanthus
has 8-15 ovules per carpel arranged on a parietal
placenta, whereas most Buxaceae have two ovules per
carpel with axile placentation (von Balthazar &
Endress, 2002a). These seemingly unique structures of
both gynoecium and androecium in the order Buxales
indicate the need for detailed studies of the entire
reproductive units, not only to understand the mor-
phological identity of these structures, but also to allow
for comparisons with potential homologous structures
in Buxales.

MATERIAL AND METHODS

The collection of inflorescences with anthetic flowers
was conducted in Honduras; the material was fixed in
70% alcohol. For light microscopy, material was sec-
tioned transversely and longitudinally at 15-25 um
thickness using standard methods of paraffin embed-
ding and serial sectioning. Sections were stained with
Safranin and Alcian blue, or examined unstained, and
mounted in Euparal. Permanently mounted slides
were deposited at the Botanical Museum, Komarov
Botanical Institute (St. Petersburg, Russia). Digital
images of selected sections were taken with an
AxioCam ICc 3 digital camera on an AxioScope Al
system microscope (Carl Zeiss Corporation, Jena,
Germany). For scanning electron microscopy, air-dried
flowers and fruits were sputter coated with gold using
a JFC-1100 ion-coater or a sputter coater (SCD 050),

and then mounted on aluminium stubs and observed
using a JSM-6380LA scanning electron microscope
(JEOL, Tokyo, Japan) or a JSM-6390 (JEOL, Tokyo,
Japan) at 10 kV. For high-resolution X-ray computed
tomography (HRXCT), floral samples were infiltrated
with 1% phosphotungstic acid (PTA)-70% ethanol for
1 week in order to increase contrast. Samples were
then dehydrated in 1% PTA-96% ethanol, transferred
to acetone, critical point dried and mounted for
HRXCT in an Xradia MicroXCT-200 system (http:/
www.xradia.com; XRadia Inc., Pleasanton, CA, USA).
A detailed description of sample preparation is given
in Staedler, Masson & Schonenberger (2013). The
program Amira 5.4.1 (Visualization Sciences Group,
SAS; http://www.visageimaging.com) was used to
perform the three-dimensional reconstructions from
the scanning data.

RESULTS
INFLORESCENCES

Inflorescences develop in the axils of oppositely
arranged subtending foliage leaves. They are termi-
nal double racemes (botryoids), which bear one ter-
minal female flower and up to 18 male flowers on
lateral axes (Fig. 1A-D). The main axis is 10-20 mm
in length; at its base, there is one pair of empty
scale-like bracts in a transverse position (Figs 1D, 2A,
B). These bracts are c. 0.3-0.6 mm in length and broad
in shape. They are followed by one pair of scale-like
bracts in a median position, which may be empty or
subtend lateral male inflorescence units (Fig. 2A, B).
These bracts have about the same length as the first
pair of scale-like bracts, but are oblong in shape. In
the distal part of the inflorescence, additional lateral
male inflorescence units may occur in a decussate
arrangement, each being subtended by an oblong
scale-like bract. In our material, we observed inflo-
rescences with one (Fig. 1A), two (Fig. 1D) or three
(Fig. 1A, B) lateral male inflorescence units. The
distal-most pairs of oblong scale-like bracts may
remain empty. The inflorescence is terminated by a
gynoecium (female flower), which is preceded by two
scale-like empty bracts in a median position. These
bracts are 0.2-0.5 mm in length and again broader in
shape than the bracts subtending the lateral male
inflorescences (Figs 1D, 3B).

The lateral axes bear up to six male flowers. The
two basal-most male flowers are positioned opposite
each other in the transverse plane (Fig. 1A-D). The
distal male flowers continue the decussate pattern
(Fig. 1A-D); however, the flowers at the tip of the
axes may deviate slightly from this pattern and show
shorter or longer internodes between flower pairs.
Each male flower is subtended by an acute scale-like
bract, which is 0.5-1.0 mm in length (Figs 1D, 5A).
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Figure 1. Inflorescences of Haptanthus hazlettii at anthe-
sis. A, Shoot with two inflorescences in axils of foliage
leaves. The upper inflorescence with three lateral units
bearing male flowers, the lower inflorescence with a single
lateral unit. Inflorescences terminated by female flower. B,
Inflorescence with three lateral units, top view. C, The
same inflorescence as in (B), side view. D, Inflorescence
with two lateral units. EB, empty bract; FB, adaxial bract
at the base of female flower; FF, female flower; P, prophyll;
SB, scar of fallen bract subtending the lateral unit. Scale
bars, 5 mm.

Commonly, the lateral axes are not terminated by a
male flower; only a single aberrant male flower with
three anther-bearing phyllomes preceded by two
opposite bracts was observed in a terminal position on
one of the lateral axes (Fig. 5A, F).

FEMALE FLOWERS

Female flowers are morphologically unisexual. They
are composed of three stalked superior carpels that are
united along their flanks up to the base of their styles
and are entirely symplicate (Fig. 3A, C). At anthesis,
the three styles are spread apart and recurved. The
styles are long and broad. The stigma extends in two
crests along the entire ventral side of each style
(Figs 3C, D, 4B, C, L). It appears to have unicellular
dome-shaped papillae (Fig. 3E). Whether the stigma is
dry or wet cannot be determined based on the available
material. Each ventral slit is postgenitally fused at the
base of the style and further down (Fig.4C). The
postgenitally united ventral slits become confluent
over a short distance in the transition zone between
styles and ovary and in the distal part of the ovary;
thus, in this region, possibly a compitum is formed
(Fig. 4D-F, M, N). Below the transition zone, the ovary
is unilocular and three slightly protruding parietal
placentae (Figs 3L, 4G, H, O) with numerous ovules
are present (Figs 3H, 4E, F, N). Only in one flower were
the distal-most ovules observed to be inserted in the
postgenitally united carpel region, thus presenting
axile placentation (Figs 3K, 4F, N). The ovules are
arranged in two rows along each placenta, alternating
with each other. There are 9-12 ovules per carpel
(Fig.3H, I). Ovules are ascending, anatropous,
bitegmic, apotropous and seemingly crassinucellar. At

Figure 2. Inflorescence diagrams of Haptanthus hazlettii. A, Inflorescence with three lateral axes. B, Inflorescence with
two lateral axes, one of them terminated by trimerous male flower. Phyllomes in white with black mark are foliage leaves;
phyllomes with adjacent asterisk are empty bracts. FB, bract at the base of female flower; P, prophyll.
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Figure 3. Anthetic female flower of Haptanthus hazlettii. A, Female flower from the side with remnant of inflorescence
axis at the base. B, Base of flower with median bract (B) and the bract subtending the lateral inflorescence unit (SB). C,
Long recurved styles. D, Stigmatic surface on a crest along ventral side of style. E, Papillae (P) on stigmatic surface. F,
Ovule on transverse section of ovary. II, inner integument; OI, outer integument. G, Ovule with micropyle (M). H-L,
Reconstructions of ovary structure made by X-ray computed tomography. H, Ovary. I, Arrangement of ovules. J, Ovules.
K, Ovules attached to placenta. L, Upper region of ovary. Scale bars: A, C, 1 mm; H, I, 500 pm; B, J-L, 200 um; D, 100 pum;

G, 50 um; E, F, 20 um.

mid-level, the outer integument is six to eight cells
thick and the inner is two cell layers thick. The
micropyle is directed towards the placenta, formed by
both integuments (Fig. 3F, G, J-L). Below the insertion
level of the ovules, the ovarial cavity forms a deep pit.
Carpels have one main (dorsal) vascular bundle each,
which extends to the stylar tip. In addition, two lateral
vascular bundles are present that extend into each
placenta and supply the ovules. These lateral bundles
reach distally to the base of the styles where they
merge with the dorsal one (Fig. 4C—J). In the periph-
eral region of the ovary wall, one or two cell layers of
tangentially flattened cells are present in septal radii
between the carpels. These cell differentiations are
small in the distal-most part of the ovary (Fig. 4D, E,
M, N), but more extensive in the middle part of the
ovary, where they almost reach the placentae
(Fig. 4F-1, N-P). In the proximal part below the

ovarial cavity, they are shorter again and are localized
only in the middle of the ovary wall (Fig. 4J, K, Q).
Fruits are unknown.

MALE FLOWERS

Male flowers are morphologically unisexual. They
consist of two (rarely three) ovate-elliptic anther-
bearing phyllomes, 2-3 mm in length, that are later-
ally arranged on the flattened pedicels of 2.0-2.5 mm
length (Fig. 5A-D). No sharp boundary was observed
between pedicel and anther-bearing phyllomes.
Stomata are, however, much more densely scattered
on the dorsal side of the phyllomes (Fig.5E) than
on the surface of the pedicel (Fig. 5F). The phyllomes
are tightly appressed to each other along their
entire length. The margin of the adaxial epidermal
surface bears convoluted ridges (Fig. 5B, D, G, H);
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Figure 4. Anthetic gynoecium of Haptanthus hazlettii. A, Median longitudinal section of anthetic gynoecium. Levels B-K
correspond to the transverse section in B-K. Morphological surfaces drawn with uninterrupted line, postgenitally fused
areas shaded in grey, outline of free parts outside the median plane drawn with interrupted lines, vascular bundles
indicated with thin double interrupted lines. B-K, Transverse section series of anthetic gynoecium. Vascular bundles
shaded in grey, postgenitally fused areas indicated with thick interrupted lines. Thin interrupted lines are the layers of
tangentially flattened cells (probably preformed areas of later fruit dehiscence). B, Stigma. C, Styles. D, Upper part of
symplicate zone with compitum. E, Symplicate zone with closed ventral slits at level of trilocular ovarial cavity. F,
Symplicate zone at level of uppermost ovule insertion. G, Symplicate zone with open ventral slits at level of unilocular
ovarial cavity. H, I, Symplicate zone below the region of ovule insertions. J, Symplicate zone at the base of ovarial cavity.
K, Stalk. L-Q, Pollen tube transmitting tract (white arrowheads) and one- to two-seriate layers of tangentially flattened
cells (white arrows). L, Level of stigma (compared with B). M, Level of upper part of symplicate zone (compared with D).
N, Level of uppermost ovule insertion (compared with F). O, Level of unilocular ovarial cavity with ovule insertions

(compared with G). P, Level of unilocular ovarial cavity below ovule insertions (compared with I). Q, Level of stalk
(compared with K). Scale bars: A-K, 500 um; L-O, Q, 200 um; P, 100 um.

seemingly, this microsculpture provides postgenital
cohesion between the two phyllomes in a preanthetic
flower. Each anther has two bilocular thecae of 1.2—
1.6 mm in length that are directed to the flower centre
and are thus introrse. Each theca appears to open by a

longitudinal slit with short transverse extensions in its
proximal part (Fig. 5B). Pollen sacs are surrounded by
two to five layers of endothecium-like tissue (Fig. 5D).
Dome-shaped unicellular papillae are located along
the longitudinal slits and along the median anther
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Figure 5. Preanthetic male flowers of Haptanthus hazlettii. A, Fragment of lateral inflorescence unit terminated by
trimerous male flower (two anther-bearing phyllomes removed). B, Adaxial side of anther-bearing phyllome: anther slits
(arrows) with short lateral extensions in their proximal part (arrowhead), phyllome margins (asterisks). C, Trimerous
male flower (two anther-bearing phyllomes removed, their scars encircled by dotted line). D, Transverse section of the
portions of opposite anther-bearing phyllomes: median anther edges (black arrowheads), phyllome margins bearing
convoluted ridges (arrows), pollen sacs (asterisks) surrounded by endothecium-like tissue (diamonds), arcuate vascular
bundles (white arrowheads). E, Dorsal surface of anther-bearing phyllome with stomata (arrows). F, Surface of stalk
without stomata. G, Tip of anther-bearing phyllome (arrowhead): cluster of dome-shaped papillae between the anther tips
(arrow), phyllome margins (asterisk). H, Surface of phyllome margin. I, Dome-shaped papillae along anther slit. Scale
bars: A, 1 mm; B, C, 200 um; D, G, 100 um; H, 20 um; E, F, I, 10 um.
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edges (Fig. 5B, D, G, I); they are also aggregated into
a cluster just above the thecae (Fig.5G). Anther-
bearing phyllomes are vascularized by a single arcuate
bundle (Fig.5D). Our observation of the vascular
anatomy of the male flower agrees with the description
by Doust & Stevens (2005).

DISCUSSION

Despite some distinctive floral morphological traits
(such as the peculiar anther-bearing phyllomes, pari-
etal placentation and carpels with numerous ovules),
Haptanthus shares many important floral characters
with Buxaceae, Didymelaceae and other -early-
branching eudicots. As fairly widespread among early-
branching eudicots, Haptanthus has unisexual flowers
without a prominent perianth, double-crested and
widely decurrent stigmas with unicellular distinct
stigmatic papillae, vascularization of each carpel by a
dorsal and two main lateral bundles and crassinucel-
lar, anatropous, bitegmic ovules with a thick outer and
a thin inner integument (Endress, 1986; Drinnan
et al., 1991; Douglas & Tucker, 1996a, b; Endress &
Igersheim, 1999; von Balthazar & Endress, 2002a; von
Balthazar, Schatz & Endress, 2003; Doust & Stevens,
2005). A phylogenetic position of Haptanthus among
Buxaceae was suggested by molecular phylogenetic
analyses (Shipunov & Shipunova, 2011). In the follow-
ing, we therefore compare inflorescence and floral
structure in detail with Buxales and, to some extent,
also with other early-branching eudicots.

INFLORESCENCE STRUCTURE

Inflorescences of Haptanthus develop in the axils of
foliage leaves, as is also the case for most Buxaceae
and Didymelaceae. In Buxaceae, however, inflores-
cences of Buxus (including Notobuxus Oliv.) and
Sarcococca Lindl. may also occur terminally or, as
in Pachysandra Michx., strictly terminally (von
Balthazar & Endress, 2002b). Axillary inflorescences
are also commonly found among other early-branching
eudicots, such as Tetracentron Oliv. (Trochoden-
draceae; Bailey & Nast, 1945) or Proteaceae p.p.
(Douglas & Tucker, 1996a).

MALE FLOWER

Stamen—flower—inflorescence boundary

The smooth transition between pedicel and anther-
bearing phyllome and the common stalk below two
anther-bearing phyllomes make the boundary between
inflorescence and floral units challenging in Haptan-
thus. Flower delimitations are also challenging among
other early-branching eudicots and early-branching
core eudicots in which vegetative organs often grade

into floral organs (e.g. Endress, 1986; Drinnan et al.,
1994; von Balthazar & Endress, 2002a; von Balthazar
et al., 2003; Wanntorp & Ronse De Craene, 2007; von
Balthazar & Schonenberger, 2009). A variable organ
merism among groups in early-branching eudicots
and, in some cases, a reduced number of floral organs
increase the difficulty in delimiting flowers. The latter
is the case, for example, in female reproductive units of
Didymelaceae, in which it has been debated whether
the female flower consists of two carpels with the two
phyllomes representing a perianth (Saint-Hilaire,
1805; Du Petit-Thouars, 1806; Baillon, 1876; Drake del
Castillo, 1897) or the female flower has only one carpel
with no perianth and each phyllome represents a
subtending bract (Leandri, 1937). In their study, von
Balthazar et al. (2003) came to the conclusion that
female flowers of Didymeles are unicarpellate and
arranged in pairs with each carpel and each carpel pair
being subtended by a bract. The same arrangement of
flower pairs with subtending bracts is found in Gre-
villeoideae (Proteaceae; Douglas & Tucker, 1996a) and
is also comparable with the organ arrangement in the
male flowers of Haptanthus. Thus, following this argu-
ment, the male reproductive units of Haptanthus
would be pairs of unistaminate flowers. However, as
also noted by Doust & Stevens (2005), the presence of
the arc-shaped vasculature and the smooth boundary
between stalk and anther-bearing phyllome contradict
this interpretation. Thus, with our current knowledge,
we consider the male reproductive units of Haptanthus
more likely to be flowers consisting of two anther-
bearing phyllomes.

The nature of the anther-bearing phyllomes
As argued above, the male flowers of Haptanthus
consist of only two broad, oppositely positioned anther-
bearing phyllomes borne on a broad pedicel-like stalk.
It has been discussed whether these anther-bearing
phyllomes are tepals or bract-like phyllomes with
adnate introrse anthers, or whether they are foliose
anthers with flattened filaments (Doust & Stevens,
2005). In favour of the former interpretation, Doust &
Stevens (2005) counted the presence of arcuate vascu-
lar bundles with a relatively large amount of xylem,
the smooth transition between the pedicel and the
anther-bearing phyllomes, and the absence of any
traits of perianth members outside them, as would be
likely in the case of stamens only (as, for example,
found in Trochodendron Siebold & Zucc.; Endress,
1986). The unusual innervation of these organs by a
single trace, however, is considered to be an argument
for their merely staminal nature (Doust & Stevens,
2005).

We present here further observations that corrobo-
rate the hypothesis of the anther-bearing organs in
Haptanthus being the result of an adnation between
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stamen and tepal or bract-like phyllome. Most signifi-
cant is the presence of papillae clusters on stamens in
Haptanthus. Papillae on stamens have also been
reported for members of Buxaceae, in which they occur
as tufts on the apical connective protrusions in, for
example, Buxus and Styloceras Kunth ex A.Juss.
(von Balthazar & Endress, 2002a). In Haptanthus,
however, these clusters of papillae are situated slightly
below the tip of the anther-bearing phyllome. The tip
itself and the lateral phyllome margins are character-
ized by a velcro-like microsculpture. These findings
suggest that the tip of the anther-bearing phyllome is
unlikely to be homologous to the connective protru-
sions of stamens in Buxaceae. Instead, the tip might
correspond to the distal part of an adnate tepal or
bract-like phyllome, whereas the tip of the actual
anther is distinctive by the cluster of papillae found
slightly there below.

The position in the same radius of tepal-like phyl-
lomes with stamens, arranged in one or two decussate
dimerous whorls, and short plastochrons between
their initiation, has been reported for male flowers in
Buxaceae p.p. (von Balthazar & Endress, 2002a, b),
Didymelaceae (Du Petit-Thouars, 1806; Drake
del Castillo, 1897; Sutton, 1989) and other early-
branching eudicots, such as Tetracentron of Trochoden-
draceae (Endress, 1986; Chen et al., 2007), Proteaceae
p-p. (Douglas & Tucker, 1996a, b) and several repre-
sentatives of Ranunculales (Schoéffel, 1932; Kadereit,
1994). In Proteaceae, the partial adnation of the
stamen filament to the preceding tepal in the same
radius is a common condition, but, in contrast with
Haptanthus, the anthers remain free (Douglas, 1997,
Doust & Stevens, 2005; Weston, 2007). In addition, in
other members of early-branching eudicots, such as
Sabiaceae, in which stamens are positioned in the
same radius as perianth members, a fusion between
organ categories is common (Wanntorp & Ronse De
Craene, 2007; Endress, 2010; Ronse De Craene,
Quandt & Wanntorp, 2015). As the transverse orien-
tation of anther-bearing phyllomes in Haptanthus
suggests, these structures would correspond to the
outer dimerous whorl in male flowers of Buxaceae,
Tetracentron (Trochodendraceae) and Proteaceae p.p.;
no remnant of the inner whorl of Haptanthus was
found. Apparently, the initiation of a second dimerous
whorl (which is typical for Buxaceae flowers; von
Balthazar & Endress, 2002a, b) on the apex of the
compound inflorescence in Haptanthus can be sup-
pressed by morphogenetic influences of two opposite
flower-subtending bracts.

The innervation of the anther-bearing phyllome of
Haptanthus by a single vascular trace, rather than
by three or more traces, has been suggested to be
an argument for its staminal nature (Doust &
Stevens, 2005). However, the innervation of bract-

like phyllomes preceding the stamens is diverse in
Buxaceae, and some species of Buxus and Styloceras
also only have a single vascular bundle (von
Balthazar & Endress, 2002b). Thus, these data
suggest that the loss of lateral bundles in anther-
bearing organs of Haptanthus should not be used as
an argument against the adnation of stamens and
tepal-like phyllomes (at least in the case of Bux-
aceae and closely related taxa). We should add here
that stamens opposite petals in Meliosma Blume
(Sabiaceae) have a common base and also have a
single vascular trace (Wanntorp & Ronse De
Craene, 2007). The same is true for Proteaceae
(Kausik, 1938).

In conclusion, on the nature of the male structures,
we agree with Doust & Stevens (2005) that the
anther-bearing phyllome of Haptanthus is a complex
structure formed by the adnation of a stamen to a
tepal or bract-like phyllome.

Thecae of Haptanthus show short transverse exten-
sions in the proximal parts of their longitudinal slits.
This feature suggests that thecae open by valves
rather than by simple longitudinal slits as in Buxaceae
(von Balthazar & Endress, 2002a). Among early eud-
icots, anther dehiscence by valves is also found in
Trochodendraceae (Endress, 1986), Platanaceae (von
Balthazar & Schonenberger, 2009) and Eupteleaceae
(Endress, 1986; Ren et al., 2007). No stamens of Hap-
tanthus with opened thecae were present in our mate-
rial and thus, for details of their dehiscence, additional
research is necessary.

The occurrence of a single trimerous male flower
terminating the lateral spikes of one inflorescence is
noteworthy. In contrast with ordinary male flowers,
this flower is preceded by two bracts. A probable
explanation would be that it has resulted from the
meristem fusion of the two distal-most flowers, i.e. we
may consider it to be a pseudanthium rather than a
flower. Terminal flower-like pseudanthia are occasion-
ally present at tips of open inflorescences and have
been reported from various groups of angiosperms,
such as some magnoliids (Piperaceae, Saururaceae),
monocots (Alismatales) and eudicots (e.g. terminal
peloria in Lamiales) (for a review, see Sokoloff, Rudall
& Remizowa, 2006). In Buxaceae, peloric terminal
flowers consisting of a single stamen with supernu-
merary pollen sacs have been reported in Styloceras
columnare Mill.-Arg. (von Balthazar & Endress,
2002b). Following Sokoloff et al. (2006), we can specu-
late that the terminal floral structures observed in
Haptanthus and Styloceras arose from a compound
primordium formed occasionally at the distal-most
inflorescence apex. The merism would depend on the
available space for this primordium. Developmental
studies of such terminal structures are necessary to
test this hypothesis.
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FEMALE FLOWER

The drawing of H. hazlettii in the first description of
this species by Goldberg & Nelson (1989) shows two
tetramerous whorls of small bract-like phyllomes that
are separated by a large internode on the inflorescence
axis below the terminally positioned gynoecium. Doust
& Stevens (2005) surmised that the distal whorl rep-
resents the actual perianth, whereas the identity of the
proximal organs was left indefinite. Our observations
show that these whorls are formed by two pairs of
opposite phyllomes of different sizes and shapes.
According to these shapes and sizes, the proximal-most
transverse empty phyllomes may be considered as
prophylls. The median phyllomes of the proximal
whorl and the transverse one of the distal whorl are
subtending bracts of lateral inflorescence axes. We did
not observe the partial inflorescences subtended by an
adaxial bract of the proximal whorl in our materials,
but this condition is drawn on the illustration from the
species description (Goldberg & Nelson, 1989; Fig. 1B).
The distal-most phyllomes in the median position and
immediately preceding the gynoecium may be consid-
ered to represent the perianth. However, unlike the
bract-like phyllomes differentiated in the direction of
tepals in female flowers of Buxaceae (von Balthazar &
Endress, 2002b), these phyllomes are not spirally
arranged but continue the decussate arrangement of
the proceeding subtending bracts. As their broader
shape also suggests, they more probably represent
bracts than perianth members. A similar arrangement
of organs can be seen in the bracts preceding the
female flower of Notobuxus (von Balthazar & Endress,
2002b).

The gynoecium structure of Haptanthus is consid-
erably different from that found in representatives
of Buxaceae and many other early-branching eud-
icots and early-branching core eudicots, in which
carpels mostly have extended ascidiate regions and
often only one or two ovules. The gynoecium of Hap-
tanthus is entirely symplicate and each carpel has
numerous (9-12) ovules arranged on a parietal
placenta. Entirely plicate carpels are rare among
early-branching eudicots and only found in some
Ranunculaceae, some Lardizabalaceae, Papaver-
aceae and Proteaceae (Endress & Igersheim, 1999).
Haptanthus shares the extended carpel union with
the formation of a unilocular ovary (paracarpy) only
with Papaveraceae (Endress & Igersheim, 1999).
Multiple ovules per carpel among representatives of
early-branching eudicots and early-branching core
eudicots are only present in Myrothamnaceae, Tro-
chodendraceae and some genera of Proteaceae,
Lardizabalaceae, Berberidaceae and Papaveraceae
(Endress, 1986; Endress & Igersheim, 1999; Weston,
2007).

The symplicate, pluriovular gynoecium of Haptan-
thus may represent a derived condition within Buxales
as it may be the result of a drastic elongation of the
symplicate zone accompanied by an increase in ovule
number. This interpretation would be in congruence
with the occurrence of the short trilocular portion with
axile placentation in the distal-most part of the ovary
in Haptanthus which corresponds to the gynoecium
ground-plan of Buxaceae at the level of ovule insertion.
Similar transformations have been suggested for Pitto-
sporaceae in Apiales (Erbar & Leins, 1996, 2004). The
pluriovular carpels with parietal placentation of Pitto-
sporaceae are thought to have been derived by means
of the intercalary growth of young carpels from
the typical gynoecium of early-branching Apiales
(Griseliniaceae, Torricelliaceae and Pennantiaceae)
composed of largely ascidate carpels bearing one or two
ovules with axile (apical) placentation (Philipson,
1967; Philipson et al., 1980; Karehed, 2003). We can
hypothesize that intercalary growth also plays an
important role in the gynoecium formation of Haptan-
thus and, probably, in some other groups of early-
branching eudicots with pluriovular carpels (e.g.
Placospermum C.T.White & W.D.Francis and Garni-
eria Brongn. & Gris of Proteaceae; Weston, 2007).

The one- or two-seriate layers of tangentially flat-
tened cells located in ovarial walls along septal radii
may designate areas for dehiscence at fruit maturity.
Accordingly, the fruits of Haptanthus would dehisce
septicidally. Other Buxaceae, however, have either
loculicidal capsules (Buxus s.l.), or indehiscent berries
or drupes (the remaining three genera; von Balthazar
& Endress, 2002a). Septicidal fruits are, in general,
uncommon among early-branching eudicots, in which
they occur only in some Papaveraceae (Briickner,
2000).

An alternative explanation for these layers of tan-
gentially flattened cells in the ovarial wall would be
that they represent postgenitally fused carpel walls, as
they occur in septal slits in Saruma Oliv. (Aristolochi-
aceae) (Dickison, 1992; Endress, 1994), in some Nym-
phaea L. (Nymphaeaceae) (Troll, 1933; Moseley, 1961)
or in septal nectaries of monocots (Remizowa et al.,
2010). It is noteworthy that these layers in Haptanthus
adjoin the interstylar zones, whereas the nectaries in
Buxaceae are located distally (von Balthazar &
Endress, 2002a). However, further detailed studies of
gynoecium development and the localization of secre-
tory tissues in the ovary wall are necessary to favour
either of these hypotheses.
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