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Floral anatomy of Piper postelsianum MAXIM. (Piperaceae)
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Floral vascular system of Piper postelsianum MAXIM. was observed for making clear the number and
the arrangement of the floral leaves of both the male and female flowers. The male flowers usually have six
stamens and a rudimentary gynoecium at the center, which are regarded to be arranged in two wholes with
three each. The female flowers usually have an ovary with four stigmas at the top. They are regarded as four-
carpellate gynoecium because they have four ovary bundles and stigmas. In a recent monographic study of
the Micronesian Macropiper, P. postelsianum was included in Macropiper and considered to be a synonym
of M. guahamense f. glabrum (YUNCKER) A.C.SM. because of the number of stamens, which was re-
garded as three on the basis of the original description. However the result of this anatomical study doesn't

support such an opinion but reconfirms to be obviously a good species, P. postelsianum.
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Introduction

Piperaceae consists of about ten genera, which are
classified by the position of inflorescence. the pres-
ence of pedicel and the number of stamens, and 3000
species (ex. MABBERLEY, 1997). It is very difficult
to examine the interrelationships among genera or
among species because their flowers are very small,
achlamydeous and simple. Piperaceae is one of the key
families for studying early evolution of angiosperms
because it is suggested that Piperaceae might be and
an ancestor of monocotyledons (BURGER, 1977) and
one of the most primitive families by recent DNA
analysis (ex. SYTSMA and BAUM, 1996) and fossil
information (ex. TAYLOR and HICKEY, 1990).How-
ever, there are little exact data even about floral mor-
phology. The present study for clarifying the flower
structure of Piper posltelsianum (Fig. 1) follows
Zippelia begoniaefolia (OMORI, 1982) and P. kadsura
(OMORI, 1997).

Piper postelsianum is an endemic species of Bonin
Islands in Japan (MAXIMOWICZ, 1887). It is one of
only two species of Piper which grow wild in Japan.
The erect stem, the large and round leaf, the axillary
and umbellate spike are characteristics of this species.
It is difficult even to examine the number of stamens
because of small sessile flowers growing thick on the
spadix. The original description about the number of
stamens is ambiguous, 'stamens 2(37)'
(MAXIMOWICZ, 1887). This species is distributed
in an extremely limited small area only in Hahajima
of the Bonin Islands and the population is very small,
so we have been very few opportunities to examine
well preserved specimens at anthesis. Therefore the
ambiguity of the stamen number, which is one of very
important characters for classification of Piperaceae,
have been accepted as it is. SMITH (1975) examined
the relationships between P. postelsianum and
Micronesian species of Macropiper and came to the

conclusion that it was a synonym of M. guahamense

var. glabra. The classification of this species should
be re-examined on the basis of exact description of

the flower.

Fig. 1. Piper postelsianum, cultivated at the Botanical

Garden of University of Tokyo, Tokyo.

Materials and methods

Male inflorescences of P. postelsianum were col-
lected at Mt. Sekimon. Isl. Hahajima, the Bonin Is-
lands, on 17 March 1972 (MAK-126899, Makino Her-
barium, Tokyo Metropolitan university) and preserved
as dried specimens. Male flowers were softened in 1%
ammonium solution for the anatomical study. Female
flowers were collected at the same location on 20 June
1979 to be fixed and be preserved in FAA solution
(formalin-acetic acid-ethyl alcohol). The flowers were

dehydrated in normal butyl alcohol series and embed-
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ded in Paraplast. They were cut into serial sections of
10 £ m in thickness with a rotary microtome and
counterstained with haematoxylin, safranin and
fastgreen FCF.

Results

Piper postelsianum is dioecious. Large number of
flowers is produced in spikes or spadices. One to four
axillary inflorescences occur in umbell (Fig. 1). Her-
barium specimens in TI (Herbarium, University of
Tokyo) and MAK (Makino Herbarium, Tokyo Metro-
politan University? showed that the anthesis of male
flowers occurred from March to the beginning of May

and that of female ones from June to August.

1. Male flower

The male flower of P. postelsianum,which is sub-
tended by a peltate bract (Fig. 2-1,3:B), consists of six
stamens and one rudimentary gynoecium (Fig. 2-3, Fig.
3-7: RG) surrounded by the stamens It usually has six
stamens (Fig. 3), but five (Fig. 2-3) in some cases.

One vascular bundle from the stele of the inflores-
cence axis supplies a bract - flower bundle, a (Fig. 3-
1). The bundle a supplies a bract bundle, b (Fig. 3-
1,2). At the base of flower the vascular tissue of the
bundle a spreads (Fig. 3-2,3) to divide into one sta-
men bundle in the adaxial side (Fig. 3-3: s/) and two
ones in the abaxial side (Fig. 3-3: 53, s5). Then the
bundle a supplies two adaxial (Fig. 3-4: 52, s6) and
one abaxial bundles (Fig. 3-4: s4). Thus six stamen
bundles (Fig. 3-5) are supplied by the bundle a and
then the stamens of P. postelsianum are arranged in
two whorls consisting of each three.

One ovular bundle (Fig. 3-5: ov) and four ovary
bundles (Fig. 3-5: 0/-04) remain under the rudimen-
tary gynoecium (Fig. 3-7: RG). Each of the stamen
and ovary bundles branches off from the bundle a at
almost the same level and the remaining bundle tissue
becomes an ovular bundle ov, therefore the branch

system between the stamen bundles s7-s6 and the ovary
bundles 0/-04 is not clear. Thus it is impossible to re-
gard each of the stamen bundles as a branch of an ovary
bundle. The stamen bundles s7-s6 branch off in six
directions at almost the same plane, but one central
adaxial bundle and two lateral abaxial bundle branch
off before other bundles; two lateral adaxial and one
central abaxial bundles. Thus the former three stamens
are regarded as outer whole of stamens (Fig. 3-8,9: s/,
s3, s5) and the latter ones as inner whole of stamens
(Fig. 3-8,9: 52, 54, 56).

An ovular bundle ov enters the basal part of ovule
(Fig. 3-5: ov). Four ovary bundles o1, 02, 03 and 04
(Fig. 3-5) run through ovary wall (Fig. 3-5,6,7) and
each of the stamen bundles s7-s56 enter the stamens
(Fig. 3-6,7: s1-56) to the center of the anthers (Fig. 3-
8: 51-56). The bract bundle b runs through the stalk of
the bract to branch off in the peltate blade (Fig. 3-9:
b).

2. Female flower

The female flower of Ppostelsianum is sessile (Fig.
2-4) and subtended by a peltate bract (Fig. 2-2,4: B).
The stigma is divided in four and the ovary has one
locule with one ovule. The ovule is attached to basal
placenta and orthotropous (Fig. 4). The female flower
of P. postelsianum does not have rudimentary stamens
as that of P. kadsura has (OMORI, 1997).

Piper has atactostele as monocotyledons, which con-
sists of large bundles in the center and smaller bundles
around them (Fig. 4-1,2). A bract - flower bundle «
branch off from the outer small bundle of the stele (Fig.
4-1,2: a). The bundle a (Fig. 5-1,2,3: a) spreads to five
directions just under the gynoecium (Fig. 5-3, 4: a) to
supply a bract bundle b at the abaxial side (Fig. 5-3,4:
b) and four ovary bundles to one abaxial (Fig. 5-4: 03)
and adaxial (Fig. 5-4: o7) and two lateral sides (Fig. 5-
4: 02, 04). The ovary bundles o/-04 run through ovary
wall (Fig. 5-5,6,7,8) and enter the style (Fig. 5-9). The
branches from the ovary bundles fuse each other to



38 OMORI Y. and KOBAYASHI S.

Fig. 2. Inflorescence and flowers of Piper postelsianum.1: a part of male inflorescence, 2: a part of female inflorescence,
3: male flower with five stamens and a rudimentary gynoecium subtended by peltate bract, 4: female flower subtended
by peltate bract. B: bract, O: ovary, RG: rudimentary gynoecium, S: stamen, ST: stigma. Scale bars = Imm. [drawn

by M. NAKAJIMA]

Fig. 3. Serial transverse sections from the basal to the upper part of male flower of Piper psotelsianum. Six stamen bundles
branch off from a branch of a stelar bundle at almost the same plane, three stamens are regarded as outer whole of
stamens s1, s3, s5 and inner whole of stamens s2, s4, s6. Further explanations are in the text. a: bract - flower bundle,

b: bract bundle, o1- 04: ovary bundle, ov: ovular bundle, RG: rudimentary gynoecium, s1-s6: stamen bundle. 1-5. X
71.6-9. X 29,
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Fig. 4. Serial longitudinal sections of female flower of Piper postelsianum. A branch (a: bract and flower bundle) from

the outer small bundle of the stele in the inflorescence axis run to the basal part of flower. O: ovary, OV: ovule, a:

bract and flower bundle. X 50.

become an ovular bundle ov (Fig. 5-5). The bract
bundle b/ runs through the stalk of the bract to branch
off in the peltate blade (Fig. 5-8,9: b). The ovary usu-
ally has four bundles, but sometimes has three or five
bundles. The ovary bundles and the ovular bundle di-
vide at the same plane, so it is impossible to judge
whether the ovular bundle branch off from any par-

ticular ovary bundle.

Discussion

The male flower of P. postelsianum consists of six
stamens, which arrange in two wholes with each three
stamens from the standpoint of floral anatomy.
MAXIMOWICZ (1887) described that the male flower
had 2 or 3 stamens. The discussions about the rela-

tionships between this species and others of Piper due

to the original description because the stamen number
has proved difficult to determine on dried specimens.
Thus this species has been classified as Macropiper or
Piper sensu lato section Macropiper, which has three
stamens. Although the flower of P. geniculatum and
that of genus Enckea have six stamens (ECKARDT,
1937; EICHLER, 1878) like P. postelsianum, it is her-
maphrodite. Therefore it is impossible to classify P,
postelsianum into Macropiper or Enckea. The classi-
fication of the genus Piper might be under review. At
least the exact number and arrangement of stamens
should be reexamined in much more species.

The female flower of P. postelsianum is estimated to
be four-carpellate gynoecium because four stigmas and
four ovary bundles in many cases. The ovule bundle is
regarded to be not a fused bundle consisted of the

branches of all ovary bundles as in Zippelia
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Fig. 5. Serial transverse sections from the basal to the upper part of female flower of Piper postelsianum. A bract-
flower bundle a is a branched from a stelar bundle. Further explanations are in  the text. Abbreviations as per Fig.

3. X 54,
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begoniaefolia (OMORI, 1982), but a branch of an
ovary bundle or fused bundles from two or three ovary
bundles.

SMITH(1975) included P. postelsianum in
Macropiper because of axillary spikes, three stamens
and round leaf and classified it to be a synonym of M.
guahamense var. glabra. However the flower of M.
guahamense is hermaphrodite with three stamens and
the spike attaches separately on the axil. Thus itis a
question to include P. postelsianum in the genus
Macropiper, although it is impossible to discuss the
adequate position of this species because of no ana-
tomical data of the flowers of other species with six
stamens. P. postelsianum is obviously a good species
and it is not clear whether this species might be re-
lated to the species of Macropiper which are distrib-
uted in the Micronesia in and south of Guam Islands.
It might be included in Pothomorphe Miq. if the axil-
lary umbellate spikes would be regarded as important.

It is suggested that the flower of Zippelia is similar
to that of Saururus of Saururaceae (OMORI, 1982)
and is the most primitive in Piperaceae. The basic num-
ber of stamens of piperaceous flowers has been sup-
posed to be six, which consists of two wholes with
three stamens, and that of carpels three (ex.
MELCHIOR, 1964; YUNCKER, 1958). TUCKER
(1982) examined the development of the hermaphro-
dite flowers of three species with four and six stamens,
which are distributed in the America. In these flowers
the stamens develop independently or in a pair, there-
fore she decided that the symmetry of stamen arrange-
ment of Piper was not radial but bilateral or dorsiven-
tral (TUCKER, 1982).

Although rudimentary stamens were observed in the
female flowers of P. kadsura (OMORI, 1997), they
were not observed in those of P. postelsianum, but on
the contrary rudimentary gynoecia were observed in
the male flowers of this species. These suggest that
both the male and the female flowers could be derived
from the hermaphrodite flowers in Piperaceae. P.

postelsianum is considered to be a key species for ex-
amining more adequate classification of Piper because
of axillary umbellate spikes and six-staminate flow-

CIS.
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