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OBSERVATIONS ON THE FLOWERS OF ILLICIUM
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Introduction

The  fruit of Ilicium verum Hook. f., generally knoWn as star anisé fruit,
has been used in the Orient for centuries to flavour food. It was first mentioned
in the Western literature by Clusius in 1601 (Smith 1947). He described it
under the name of “Anisum Philippinarum insularum” as it apparently reached
him from the Philippines though the plant is S. China in origin. The valid
generic name Illicum was proposed by Linnaeus in 1759 in the 10th edition of
his Systema Naturae. T he type species is I. anisatum Linn.

Originally, Illicium, together with Drimys and a few related genera, was
classified as a tribe (Tribe Wintereae, Bentham and Hooker 1862; Tribe Illicieae,
Prantl in Engler and Prantl 1891) of the family Magnoliaceae. Van Tieghem
(1900), after extensive comparative morphdlogical study, sﬁggested that not only
the tribes of the family Magnoliaceae, but also a number of the genera within
the tribes should be elevated into separate families. 'As'a result of fufther
studies by Bailey and his associates, a number of ‘smaller, but better-defined
families, including the monogeneric family Illiciaceae (cf. Bailey & Nast, 1945,
Smith 1947, Hutchinson 1959) were recognized or established.

In a monograph prepared by Smith (1947), forty-two species of Illicium are
enumerated. They are distributed in two widely separated geographical regions:
(1) Southeastern Asia: from Japan, southern China, and northeastern India to
Sumatra, northern Borneo, the Malay Peninsula, the Indo-China Peninsula and
the northern Phillippines; and (2) Sdutheastern America and the Caribbean
Islands: from the southeastern United States, and eastern Mexico, Cuba to Haiti.
Two sections are recognized (Smith 1947) based on the characters of the
perianth-lobes or tepals. They are as follows. :

Section 1. Badiana Spach , »

Peljianth,-lobes ‘narrowly oblong, ligulate or lanceolate; the inner ones
thin, membranaceous, somewhat lax at - anthesis. This section includes
L. philippinense Merr. (fig. 1) I. daibuense* Yamamoto, etc.

) Present address: Department of Botany, University of- Singapore, Singapore, Malaysia. . :
* Smith (1947, p. 33) has reduced this species as-synonymous with 1. philippinense: Merr.
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Section 2. Cymbostemon A.C, Smith
Perianth-lobes usually ovate or suborbicular; the inner ones carnose to
papyraceous, not lax. ;
This section includes I. arborescens Hayata (fig. 2), I. kinabaluense A. C.
Sm., I. tenuifolium A.C. Sm,, I. sumatranum A.C. Sm., etc.

Extensive investigations of the stem and leaf of Ilicium have been made
by Bailey and Nast (1948). Their work may be summarized as follows. Stomata
are of a distinct type, as are the structural patterns of the cuticle. The nodes
are unilacunar, with a single trace. The primary vascular cylinder of the stem
is of a continuous pseudo-siphonostelic type. Vessels are numerous in the
secondary xylem, and the multiseriate rays are of a highly modified and much
reduced type. Vessel elements are long and slender, with long-overlapping
ends, which have many scalariform perforations. Tracheary pitting ranges
from scalariform to opposite multiseriate. Sieve-tube members, like the vessel
elements, are long, slender, with extensive overlapping ends and numerous sieve
areas on the walls, There are no fibres in the secondafy phloem.

The present study is mainly based on the collections of pickled flowers of
three Formosan species*, 1. philippinense, I. daibuense, I. arborescens but material
of three more Malaysian species**, I. kinabaluense, I, tenuifolium and I. suma-
tranum, was obtained from the herbarjum of the Singapore Botanic Gardens
for examination. . , ,

Microtome sections were made at 10 # and stained with a safranin-fast
green -combination. -Clearings were made with 4 per cent NaOH at room
temperature,

Observations

Species of the genus [llicium are erect trees (e.g. I. arborescens) or shrubs
(e. g., I daibuense), generally aromatic. Leaves are simple, evergreen, exstipulate,
spirally arranged on the branchlets, and are often crowded toward the apices.
The flower buds are either concealed in several bud scales (e.g., I. philippinense;:
fig. 1A) or are.naked (e.g. I arborescens, fig. 2A). The flowers are regular,
hermaphrodite, generally brone solitary in the leaf-axils, rarely ramiflorous, as
has been reported in one Sarawak species (1. cauliflorm Merr.). There is usually
4 solitary bracteole borne on the upper portion of the thickened pedicel.k

* Voucher specimens are as follows: I. philippinense, Mt. Taiping, alt. 2300 m., Taiwan,
C.S. Feung & M. C. Kao s.n., Aril, 1963 (Herb. Acad. Sin., Taiwan Univ., and Univ. of
S'pore)y; I. daibuense, Mt Tahwu, Taiwan, alt. 1000m., W.C. Hsieh, 's.n., 1962. (Herb.
Chun-Hsin Univ.); [I. arborescens, Gangu, Taiwan, H. Keng & M.C. Kao -s.n. Feb.
1956 (Herb. Taiwan Univ.). : ;

** I. ‘kinabaluense, Mt. Kinabalu, above Tenompok, 5200 ft., C. E. Carr 26926, 1. tenuifolium,
Bukit Payong Kajang, Selangor, Malay Peninsula, C. F. Symington 24243; I. sumatranum,
Mt Kemiri, Sumatra, C.G.G. J. van Steenis 9537. ’
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The fruit is a typical follicetum, with the same number or slightly fewer
follicles as there were carpels in the flowers. The follicles are radially arranged
around; and are persistent on, the central axis. (or torus). They are from
coriaceous to woody, compressed, dehisce along the ventral suture; and each
contains one seed. The seed-coat is bony, shining, W1th abundant endosperm
and a tiny embryo inside.

Observations on the major flower parts: Perianth, Androecium and Gynoe-

cium, follow.
1. Perianth

The perianth consists of a number of free perianth-lobes or tepals, which

are arranged more or less in 1-3 series without clear differentiation of calyx
and corolla. The lobes are generally all of the same colour, but the outer ones

tend to be small, the inner ones are gradually larger, and the innermost ones
again are reduced in size.

In L philippinense (figs. 1 & 5), the number of perianth-lobes is about 18
(between 17 to 20). They are oblong to -lanceolate, thin membranaceous, pale
yellow or dirty white in colour, arranged in three successive whorls. The outer
ones are. comparatively short and broad (average 12x4mm.), and the two
inner whorls long and narrow (average 18x3mm.). In I arborescens (figs. 2 &
7), the number  of perianth-lobes is about 15 (between 13 and 16). They are
ovate to suborbicular, often thickened in the central portien, dark purplée-in
colour and arranged in 3 whorls. The perianth-lobes of the outer whorl are
deltoid to orbicular, (average 6X6mm.); those to the middle whorl are the
largest, from orbicular to ovate (average 9x8mm.), and those of the innermost
whorl are oblong to linear and much small (average 5X2mm.).

A comparison of cleared and stained material revealed that the perianth-
lobes of 1. philippinense (fig. 3) and I. daibuense (both belonging to § Badiana)
possess only -a single main trace from which an open dichotomous branching
system is formed; and those of I. arborescens (fig. 4), L kinabaluense, L. tenui-
Jolium, and I. sumatranum (all belonging to § Cymbostemon), in contrast; contain
5 to many traces at the base, each of which ramifies dichotomously. Anas-

tomosing of these normally “open” dichotomously branching veins is occasionally
observed.

Ethereal oil cells which are found throughout the plant body, are often
concentrated in: the thickened portion of the perianth-lobes in the species of
§ Cymbostemon.

Although the perianth-lobes of the innermost whorl tend to be narrow-and
small, in the available material studied, no intermediate or transitional forms
between stamens and perianth-lobes as reported by Baillon (1871, p.-149) in
1. religiosum have been observed. -
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2. Androecium

The number of stamens in a flower ‘is more or less constant for a species,
but variable from one species to the other. In I kinabaluense, there are only
5. to 7 stamens arranged in a single whorl; whereas in ‘1. philippinense (figs.
5 & 6) and I -arborescens (figs.- 7 & 8), there are about 18-23 and 37-41*
stamens respectively, in a flower. , :

Fromobservations on the transverse sections of “the flower buds, those
species with a very large number of stamens have them arranged in a rather
definite pattern, For example, in I, philippinense (fig. 5, plate 1, a), in which
the commonest number of carpels is 8, the first two whorls of the androecium
have 8 stamens each, arranged so that they alternate in the two rings, with
the  remaining  stamens, varying from 2 to 7, are distributed in the third or
outermost ring. Stamens of the third ring tend to be longer and broader, yet
bear normal pollen-sacs. The situation’ is very much the same in I..arborescens
(fig. 7, plate 1, ¢). -The commonest number of éarpels in this species is 13.
‘The first two whorls have each of their 13 stamens alternating, with the
ré‘mainying varying from 11 to 15, distributed in the third or even fourth rings.
Thus it appears that the small variability in stamen number found: within each
species of [llicium is mainly due to the variations in number amongst those of

_the outermost whorl. This represents perhaps one of the transitional stages
between acyclic & indefinite and cyclic & definite androecia;
~The filaments of stamens are generally cyiindric or slightly' flattened, or
they may be angular owing to mutual compression; Each filament bears two
pairs of protuberant pollen-sacs on the upper portion (Fig. 9 and plate 1, f).
The anthers are introse or slightly lateral-introrse, The connectives are trunéate
or: slightly protrusive or depressed at the top, sometimes more or less constricted
immediately below the anthers. In I. kinabaluense, the filaments are very flat-
~tened and thin, and harrowed abruptly at the lower portion. The stamens are
of single, dorsal-veined type. The simple, median veins are rather broad,
sometimes appearing to be composed of 2 separate bundles especially when
studied in cleared and stained material (plate 1, f), and occasionally bifurcate
at the top, e.g. in L tenuifolium (fig. 9D). ‘

A transverse section of a filament is generally orbicular or elliptic, the
epidermis is slightly cutinized, and the ground tissue is composed of 4 to 5
layers -of parenchyma cells; in the central portion, there is a broad vascular
bundle often seeming, as earlier noted, to be a fusion of two separate bundles;
sometimes, it becomes very distinct (plate 1, h).

The anther is 2:lobed and 4-loculate. Before dehiscence the partition between

* According -to' Smith (1947), this is the highest number discovered in the species of
§ Cymbostemon. : ‘
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the two locules of the same anther-lobe breaks down so that the two locules
form a single chamber which is bordered on the outside by the epidermis and
endothecium. The epidermis of the anther consists of a layer of large cells
coated .With thick cuticle. In a mature anther, the endothecium is composed
of a layer of cells with prominent strips of secondary thickening, within which,
there is one persistent layer of parietal cells lining the pollen-sac cavity (plate
1, g).

A longitudinal line of dehiscence develops in the central portion of the
anther-lobe where :che epidermis is composed of very tiny cells, and the pollen
grains are released upon the rupture of these cells. The pollen grains are of
a basic tricolpate type. The present observation agrees with the previous
reports (Wodehouse 1935, Erdtman 1952).

The anthers are introrse and dehisce early, the pollen grains being fully
matured long before anthesis. In I. arborescens and most species belonging to
the § CymboStemon, the perianth-lobes only unfold slightly and never fully
expand during anthesis.

Another interesting feature of the androecium of Illicium species studied is
that although the number of stamens per flower for each species is not quite
constant, and very variable between species, yet nearly all of them, whether in
one, two or three whorls, are normally developed. This is in contrast to a

‘number of other ranalian genera such as Austrobaileya, Calycanthus, Eupomatia,
Himantandra, Kingdonia (Foster 1961) etc. in which staminodes commonly occur.
3. Gynoecium

The -gynoecium consists of a number of free carpels which are laterally
attached to a conical-shaped torus (figs. 6 & 8, plate 1, d). Each carpel is
differentiated into an enlarged ovary, a narrow style and a long and curved
stigmatic crest which is covered with receptive trichomes or papillae on the
ventral' side (fig. 10). .

The vasculature of the carpel, in comparison with that found in most of
the ranalian members, is rather simple. The vascular strands of the receptacie
enter the ovary and ‘divide into two parts, one dorsal and one ventral, The
dorsal strand extends through the style and terminates in the Stigmatic crest;
the ventral strand bifurcates into two branches in its upwafd course, The
vascular supply to the ovule is derived from one of the ventral branches.
These ventral branches generally end in the upper part of the ovary (e.g. 1.
arborescens, I. kinabaluense, figs. 10 C, & 10 E), but sometimes nearly reach the
stigmatic crest region (e.g. I philippinense, I. tenuifolium, figs. 10 A and 10 D).

Each carpel contains only a single ovule. The ovule is either anatropous
(e.g. L arborescens, fig. 8, and plate 1, d, e), or 'nearly so (e.g. L philippinense,
fig. 6,-and plate 1, b). Baillon (1871, p. 143, footnote) reported the latter position
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in I parviflorum and described it as “incompletely anatropous”. It is of interest
that 1 parviflorum, like 1. philippinense, belongs to the § Badiana. The ovules
of all these three species, and perhaps throughout the genus are bitegmatic and
attached to the ventral side of the ovary locule by a thickened, obliquely
orientated raphe and a very brief funiculus.

Short traces, other than the one which supplies the ovule, deriving from
the ventral branches or from the dorsal strand, are occasionally found (figs.
10 A to 10 E, plate 1, i). Their presence perhaps suggests that the uni-ovulate
is evolved from an ancestral many-ovulate condition.

A study of serial sections of carpels revealed that in the stigmatic and
stylar regions, the ventral sides of the margins of a carpel are only “connivent”
or paired, and are far from being fused (plate 1, a, ¢, j & k). Only at the
ovary level they are completely sealed up (plate 1, 1). No ontogenetic study
has been made, but it seems ;blausible that the carpel primordium of Illicium
is perhaps like those of Degeneria vitiemsis (Swamy 1949) or Drimys winteri
(Tucker 1959), in the form of a shallow cup; owing the uneven growth of the
rim, it finally transforms the carpel into a conduplicate structure. ’

Conclusion—A. taxonomic consideration.

On the basis of the pollen grain morphology and other features, Bailey and
Nast (1945, 1948), and Smith (1947) suggested that the Illiciaceae (containing
the genus Ilicium) and Schisandraceae (containing two genera, Schisandra and
Kadsura) are most closely related. Smith intended to propose that these two
families (with the three aforée-mentioned genera) should perhaps be treated as
a suborder among the order Ranales (sensu lato). ‘

This suggestion was challenged by Hutchinson (1959, p. 125) who obviously
supported the traditional view that the Illiciaceae are more closely related to
the Winteraceae (including Drimys and allied genera, and at one time also
including Ilicium), than other families.

Exﬁlanation of figures

Fig. 1. Flower buds and flower of I. philippinense. (A. bud with budscales; B. bud with a
. bracteole; C. opening flower)

Fig. 2. Flower bud and flower of I. ardorescens.

Fig.. 3. Drawings of the cleared and stained perianth-lobes of I. philippinense.

Fig. 4.” The same, of I. arborescens. )

Fig. 5 Floral diagram of I philppinense. (based on several tfansverse sections of ﬂdwer

buds) : '
Fig. 6. Longitudinal section of the flower of I. philippinense.
Fig. 7. Floral diagram of I. arborescens (based on several transverse sections of flower

buds).
Fig. 8. Longitudinal section of the flower of I. arborescens.
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The morphological data accumulated in the present observations are far
from sufficient to make an overall re-assessment of the phylogenetic position of
this genus or the family and besides, they lend little support to either concept.

However, there are at least two interesting points which are perhaps worth-
while to be mentioned.

Firstly, the doubleness of the median strands, often exhibiting various
degrees of fusion, as seen in the filaments of some I/ficium species, has also
been reported in Austrobaileya (Austrobaileyaceae) Bailey and Swamy, (1949)
and Sarcandra (Chloranthaceae) (Swamy and Bailey, 1950).

Secondary, the vasculature of the carpels of Illicium species is much simpler
than that of nearly all the members of Magnoliaceae (semsu stricto) (Canright
1960), Winteraceae (Bailey and Nast 1943), Schisandra (Schisandraceae) (Ozenda
1949, p. 81) and many other families under Magnoliales (sewsz Hutchinson).
It is, however, more comparable to that found in Monimiaceae (Money, Bailey
and Swamy 1950), Lauraceae (Kasapligil 1951), Austrobaileyaceae (Bailey and
Swamy 1949), and perhaps Chloranthaceae (Swamy and Bailey 1950).

Furthermore, such features as the presence of ethereal oil cells, the unila-
cunar nodes, and the uni-ovulate ovary found in I/llicium also indicate a close
resemblance to many of the taxa classified under Hutchinson’s (1959) “Laurales”
or to those listed in Money, Bailey and Swamy’s (1950) “Category A”. Both
“Laurales” and “Category A” include Monimiaceae, Lauraceae, Austrobaileyaceae,
etc. The “Category A” also includes Chloranthaceae.

If these resemblances are proved to be phylogenetic, then the Illiciaceae
represent perhaps a specialized group of the Mognoliales (sexnsu Hutchinson)
showing a greater tendency to reductions which bring about an approach to
the Laurales (sensu Hutchinson).

Summary

Observations on the flowers of six Illicium species reveal several interesting
morphological characters. Perianth-lobes possess either a single main trace or
5 to many traces at the base. The broad, median vein of filaments appears to
be a fusion of two separate strands. The vasculature of carpels, mainly con-

Explanation of figures

Fig. 9. Drawings of the cleared and stained stamens of:
A. I philippinense, B. J. daibuense, C. I. arborescens, D. I tenuifolim, and
E. I kinabaluense.

Fig. 10. Drawings of the cleared and stained carpels of:
A. I philippinense, B. I daibuense, C. I. arborescens, D. I tenuifolssm, and
E. I kinabaluense.
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sisting of a dorsal and a ventral ‘strands, ‘is much simpler than that of the
other members of the Magnoliales. Illicium represents perhaps a specialized
group of the Magnoliales showing a greater tendency to reductions which bring
about an approach to the Laurales.
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Explanation of Plate

Plate L

a. Transverse section of  the. flower bud of I philippinense showing the arrangent of
carpels and stamens. (cf. fig. 5). x10 '

b. Longi-section of the ovary of I philippinense showing the “incompletely anatropous”
ovule. (cf. fig. 6). x25

c. Transverse section of the flower bud of I..arborescens showing the arrangement of

" carpels and stamens. (cf. fig. 7). x10

d, Longi-section of the carpel of I. arborescens showing the solitary, anatropous ovule
(cf. fig. 8). x10

e. Detdil of d. x25 - :

£, Cleared and stained stamen of I. philippinense showing' the broadened filament with
indistinctly double traces. (cf. fig. 9 A). x10

g. Transverse section of the anther I philippinese. x 25

h. Transverse section of the filament I. philippinese showing the doublenéss of the vas-
cular strand. x25

i. Cleared and stained carpel of I. philippinense showmg the general vaeculature (cf fig.
10 A). x15

j. Transverse section of the st1gmat1c crest showing the * conmvent ventral margins.‘

% 25
k. Transverse section of the style showing the “connivent” ventral margins, x25
Transverse section of the ovary showing the solitary ovary and the completely sealed
Cup ventral margins.. %25

—
by




72 : Botanical Bulletin of ‘Academia”Sinica Vol. 6

L TER G —TERBR A BB RE - A REIREES] ; UM s 2R - o
IR AT > SIS AAEE 2 BRI o .

B TREE 2 AEM B A 2 A B P A SRR IR 22 ¢« Badiana EEBTEBIZL A MK
X » SR BAEETR—{ 5 Cymbostemon FEBTEWMZA B » ERET » B RAY
SRR T HerZ o

Rﬁ@m%¢,ﬁ&§ﬁ&mm2ﬁﬁm%@ » AT Fp RS <ﬁkmx%¢r¥z
TEWBR) Aofe o

2. /NEEI— /I SRR » DSBS ~TH » ZEHEB0RA0KD F » 558
He50 EARA o Bz IS KBS0 BB AT B4R 5 AE =R o RIS
AR —IE » SRR BB TR S MR B 91 et PR o S o

ANBEZTEM TR » TESEMER » SR o FESkeb (EHES SR — 0 » MR i B

P PERE AR EE TR ATRE o

3. KREMH—RERZOBEIIR 8 S—DH k2 IR T S —
| e B E R TR o ,

DB MEERABERRITE » 51 ~ B RA — o T R B eI »
EHEERNR b MESEB TR » BRbZ—B FEMNZ ARERES E o BuiEp
P WA RR LA AR » SRR 2 T B 2 IR
PR —H o

LR EBRETRIE » AN o TR 2 IR0 B IS A28 » BadianaZil 2 Bk
B “TEe&” 4 5 Cymbostemon BB 7 BRE: MR IE EHILEE o

Pl LA B BT R DU R Sk o '

BIR TR 2 Bk B A TR R  Bailey, Smith SRR F: FRES
3R ; Hutchinson EEREMERE /0% » DI H Winteraceae BRSHHE o A /ERIASH
BN (EHEBE—B) BP9 F4 Hutchinson K2 AHHE (Magnoliales) rh » (LA LT
BE (kNSRS REESS) EEEE (Laurales) FE5F o

Literature cited

BAILEY, I. W. and C.G. NAST. The comparative morphology of the Winteraceae
IL ‘Carpels. J. Arnold Arb. 24: 472-481, 1943.
VI, Summary and conclusions. Ibid. 26: 37-47, 1945.
BAILEY, I. W. and C. G. NAST.: Morphology and relationships of Illicium, Schisandra, and
Kadsura. 1. Stem-and leaf. Ibid. 29: 77-89, 1948,
BAILEY, L W. and B.G.L. SWAMY. The morphology and relationships of Austrobaileya.
Ibid 30: 211 -226, 1949.
BAILLON, H.' - The natural history of plants. Translated by M. M. Hartog, Vol. 1, London.
1871,
BENTHAM, G. and J.D. HOOKER. Genera Plantarum. Vol 1, London, 1862,
CANRIGHT, J.E. The comparative morphology and relationships of the Magnoliaceae. IIL
Carpels.: Amer. J. Bot. 47: 145-155, 1960,
‘ERDTMAN, G:. - Pollen morpology and plant taxonomy: Angiosperms. Stockholm, 1952.
FOSTER, A.S. The fioral morphology and relationships of Kingdonia uniflora.. J. Arnold
CArh 42y 397-410, 1961,
“HUTCHINSON, J. The families of ﬂowermg plants 1. Dicotyledons. 2nd ed. Oxford, 1959.




Jan., 1965 Keng—Observations on the flowers of Illicium 73

KASAPLIGIL, B. Mophological and ontogenetic studies of Umbellularia californica Nutt. and
Laurus nobilis L. Univ. Calif. Publ. Bot. 25: 115-240, 1951,

MonNEY, L.L.,, I. W. BAILEY, and B.G.L. SWAMY. The morphology and relationships of
the Monimiaceae. J. Arnold Arb. 31: 372-404, 1950.

OZENDA, P. Récherches sur les dicoctylédones apocarpiques. Publ, Lab. Ecole Norm. sup.,
sér. biol. I Prais. 1949. )

PRANTL, E. Magnoliaceae. In A, Englar and E. Prantl, Die natiirlichen Pflanzenfamilen.
111, 2: 18, 1891. ‘

SMITH, A.C. The families Illiciaceae and Schisandraceae. Sargentia, 7: 1-244, 1947,

SWAMY, B.G.L. Further contributions to the morphology of the Degneriaceae. J. Arnold
Arb. 30: 10-38, 1949.

Swamy, B.G.L. and 1. W. BAILEY. Sarcandra, A Vesselless genus of the Chloranthaceae.
Ibid. 31: 118-129, 1950. ’

TIEGHEM, P. van. Sur les dicotylédones du groupe des Homoxylées. J. de Bot. 14: 250-297,
& 330-361, 1900.

TUCKER, S.C.. Ontogeny of the inflorescence and the flower in Drimys winteri var. chilensis.
Univ. Calif. Publ. Bot. 30: 257-336, 1959.

WODEHOUSE, R.P. Pollen grains. New York. 1935.






