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Floral Ontogeny in the Plumbaginaceae'
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A scanning electron microscopic study of the floral
ontogeny of seven species of the Plumbaginaceae (re-
presenting five genera of the Armerioideae and two of the
Plumbagoideae) is presented. The early ontogenetic
stages in all species examined are sufficiently similar to
propose the following familial description. The five
sepal primordia are initiated simultaneously or spirally.
These soon reach continuity and develop into the synse-
palous calyx. Meanwhile, five common stamen-petal
primordia that alternate with the sepal primordia are
initiated simultaneously on the flattened apex. Soon,
two distinct growth-centres can be observed on each of
these primordia: a petal primordium at the abaxial side
and a stamen primordium on the top. After inception of
the common primordia, five gynoecial primordia alternat-
ing with the common primordia are initiated simultane-
ously on the corners of the apex that has become pentag-
onal. These primordia soon reach continuity and
develop into the superior unilocular gynoecium. Conti-
nuity between the gynoecial primordia is reached earlier
in the Plumbagoideae than in the Armerioideae. In the
centre of the ovary a primordium arises that develops
into the single basal circinotropous bitegmic ovule. The
floral nectaries are associated with the androecium.
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dia — Continuity — Floral ontogeny — Plumbaginaceae

Plumbaginaceae (incl. Limoniaceae) are a nearly cos-
mopolitic family that consists of 27 genera and about 650
species (Kubitzki 1293). Kubitzki’'s estimates are rather
high : Takhtajan (1986) gives about 20 genera and
approximately 775 species, Stebbins (1974) 15 genera and
500 species, and Cronquist (1981) only about 12 genera
and 400 species. The flowers are regular, hypogynous
and pentamerous. Each flower consists of a synse-
palous calyx, a corolla that is usually sympetalous, five
antepetalous stamens and a superior pentacarpellary
unilocular gynoecium with one basal ovule (Fig.1). In
general habit as well as in morphological and anatomical
characters, the family is rather diverse, but a number of
special features point to the monophyly of the group.
Labbe (1962) lists as unique and constant features the

1 Part of this work was presented by E.Smets at the XVth
International Botanical Congress, Yokohama, August28-
September 3, 1993 (poster 3184).

doubly inversed ovule (see discussion), the type of obtur-
ator (see discussion) and the type of epidermal glands.
Mutticellular epidermal salt glands that are superficially
similar to those of the Plumbaginaceae are characteristic
for the Tamaricaceae and the Frankeniaceae, but they
differ in anatomical and histological details (Metcalfe and
Chalk 1950, Schnepf 1969, Fahn 1979). Apart from these
families, where they are characteristic, multicellular salt
glands occur only sporadically in some other angiosperm
families (Fahn 1979).

Within the Plumbaginaceae, there are two marked
subfamilies, the Plumbagoideae and the Armerioideae
(Cronquist 1981). The Plumbagoideae are sometimes
also called Plumbaginoideae (e.g. Thorne 1981); the
Armerioideae are sometimes also called Limonioideae
(e.g. Dahlgren 1983) or Staticoideae (e.g. Kubitzki 1993).
The most conspicuous differences are that the Plum-
bagoideae have racemes and a gynoecium with a single
style that may be apically lobed, while the Armerioideae
possess panicies or cymose heads and a gynoecium with
more or less completely distinct styles. Moreover, vege-
tative and fertile shoots are rather similar in the Plum-
bagoideae, but higly different in the Armeroideae (Cron-
quist 1981, Dahlgren 1983, Labbe 1962).

According to Dahlgren {(1983), the differences between
the two subfamilies are big enough to treat them as
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Fig.1. Generalized floral diagram of the Plumbaginaceae.
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separate families (Plumbaginaceae and Limoniaceae) that
might not be closely related. Dahlgren’s treatment sug-
gests that both families are monophyletic, a hypothesis
that can also be found in the phylogenetic considerations
of Labbe (1962) and Baker (1966). This hypothesis could
be tested in a cladistic analysis, but the isolated position
of the family within the angiosperms and the associated
rooting problems would certainly complicate such an
analysis. Indeed, the relationships of the family within
the angiosperms are one of the long-standing problems in
angiosperm systematics. In recent treatments, the ques-
tion centers around the relationship between the Plum-
baginaceae (or Plumbaginales), the Primulales, the
Polygonales and the Caryophyllales (see e.g. Cronquist
1988, Chase et al. 1993). While a close relationship
between Primulales and Plumbaginaceae seems more
and more improbable (Giannasi et al. 1992: 12), the
possibility has not completely been ruled out (e.g. Thorne
1981, Cronquist 1988). A relationship between Primulales
and Plumbaginaceae is supported by chemical evidence
(Thorne 1981), but it is clear that it was originaily postulat-
ed on the basis of floral similarities between both taxa
(Pax 1897, see also Clinckemaillie and Smets 1992).

Progress in the systematic problems that surround the
Plumbaginaceae will depend in the first place on an
increased knowledge of its characters. Because of the
widespread occurrence of heteromorphic incompatibility
systems in the family (Baker 1966), the characteristics of
mature flowers have been studied intensely in the past.
Apart from heterostyly, dimorphism in pollen size and
pollen sculpturing and dimorphism in stigmatic surface
occur troughout the family (see e.g. Baker 1948, 1966,
Vuilleumier 1967, Dulberger 1975, Nowicke and Skvarla
1977). The first study of floral ontogeny in the Plum-
baginaceae already dates from the middle of previous
century (Payer 1857), but afterwards the floral develop~
ment of the family has been neglected almost completely,
certainly when compared to the high number of studies
related to adult flower morphology (see Roth 1961a, 1961b,
for an overview). As a contribution to the basic knowl-
edge of the Plumbaginaceae and as part of a general
research project on the characterisation of floral features,
we present a scanning electron microscopic study of the
floral ontogeny in seven species of seven different genera
of the Plumbaginaceae.

Materials and Methods

Flower buds of Acantholimon glumaceum (Jaub. and
Spach) Boiss., Ceratostigma plumbaginoides Bunge,
Goniolimon tataricum (L.) Boiss. and Limonium latifolium
(Sm.) O. Kuntze were collected in the National Botanical
Garden of Belgium (BR) at Meise. Material of Armeria
maritima (Mill.} Willd. and Plumbago auriculata Lam. was
obtained from the Botanical Garden of the K.U. Leuven.
Buds of Limoniastrum monopetalum (L.) Boiss. were col-
lected in Jerba, El Kantara and Korbous (Tunisia) and
kindly put to our disposal by Dr. L. Ronse Decraene.

Plumbago auriculata and Ceratostigma plumbaginoides
belong to the Plumbagoideae, while the other species are
representatives of the Armerioideae. Pickled voucher
material of all species has been deposited at the Botani-
cal Institute of the K.U. Leuven (Lv).

The material was fixed in FAA (90 m! 70% ethanol, 5 mi
40% formaldehyde, 5 m! 99% acetic acid) and dissected
under a Wild M 3 binocular microscope. The flowers
were dehydrated and critical point dried with a CPD 030
(Balzers) using liquid CO,, and coated with a 180 nm gold-
layer (SCD 020, Balzers). The buds were observed under
a Philips 501 B scanning electron microscope (SEM) at the
National Botanical Garden of Belgium. Photographs
were taken on Agfapan 25 using the Oscillophot M 20 of
Steinheil.

For light microscopic observations, the material was
embedded in paraffin and stained with safranine and
fastgreen. We used a Leitz Dialux 20 microscope and
photographs were taken with a Wild MPS 45/51
photoautomat.

Results

Terminology about “fusion”

Compound structures, such as a sympetalous corolla, a
monadelphous androecium, a syncarpous gynoecium or a
sympetalous corolla with the stamens attached to it, are
commonly interpreted as fusion products. Usually a
distinction is made between postgenital fusion, also
calied surface fusion or ontogenetic fusion, and congeni-
tal fusion, also called phylogenetic fusion or zonal growth
(e.g. Cusick 1966 or more recently Verbeke 1992). Post-
genital fusion “involves surface contact between organs
that have already developed as individual entities”, con-
genital fusion -‘“refers to a compound structure that is
formed as a unit but is thought in a phylogenetic sense to
be composed of multiple parts” {(Verbeke 1982 : 585).

Sattler (1977,1978, see also Daniel and Sattler 1978)
analysed this concept of fusion and reached two main
conclusions. Firstly, neither the equation of congenital
with phylogenetic fusion nor the equation of postgenital
with ontogenetic fusion is correct, as can be easily
demonstrated : meristem fusion is a process that is tradi-
tionally subsumed under congenital or phylogenetic
fusion, but if ontogenetic fusions are to designate fusions
that are observable during ontogeny, then meristem fusion
is also an ontogenetic fusion, as Cusick (1966) already
suggested. Surface fusion or postgenital fusion, on the
other hand, is clearly an ontogenetic fusion, but at the
same time it can be a phylogenetic fusion. An example
would be the case where the degree of surface fusion
between the petals in a certain lineage increases during
phylogeny. Secondly, congenital fusion is often used to
describe processes (or the end products of these proces-
ses) that do not involve fusion, such as meristem shifting
or de novo formation of common meristems. It is easy to
verify that for example Verbeke’'s definition suffers from
this kind of inflation of meaning. We agree with Sattler
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(1978 : 403) that this is more than playing with words : in
order to avoid a false impression of understanding struc-
tures, terms that denote processes or their end products
should not be used in descriptions of structures whose
development or semophylesis is not known, unless one
explicitly wants to state a hypothesis.

Patterns can be described with or without reference 1o
the processes that brought them about. The concept of
continuity (Clos 1879 : fide Sattler 1977,1978) does not
have any process connotations, neither developmentally
nor phylogenetically, so it is particularly appropriate for
descriptions that are free from references to processes.
Using this concept, a sympetalous corolla can be de-
scribed as a corolla in which the petals are continuous
above the receptacle. Note that a description that is free
from references to particular processes, is not a descrip-
tion that is completely free from interpretation or theory :
in the example we still have to agree on the delineation of
receptacle and petal.

Processes that may lead to continuity are surface
fusion, meristem fusion, meristem extension, de novo
formation of meristems, and heterotopy (Sattler 1977 : 35,
1978 : 404). As the end products of all these processes
are often almost indistinguishable, it is useful to have a
descriptive tool (continuity) that can be used in the
absence of the proper developmental data. In compara-
tive studies of the external surfaces of developing flower
buds, it is relatively easy to infer surface fusion (e.g. in the
formation of the stigma in many Apocynaceae and Ascle-
piadaceae, Baum 1948). Howsver, in order to distinguish
between meristem fusion, meristem extension or de novo
formation of meristems (collectively referred to as inter-
primordial growth, Sattler 1977 : 35, 1978 : 404), supple-
mentary research is necessary; e.g. measurement of
mitotic activity enabled Daniel and Sattler (1978) to con-
clude that the corolla tube in Solanum dulcamara L. result-
ed from meristem fusion.

In the following, we will describe the compound struc-
tures that arise during floral development mainly in terms
of continuity. In clear cases we will characterise the
observed continuities as surface fusion or as interprimor-
dial growth. Since this is mainly a SEM study, no attempt
is made to distinguish between the different processes
that lead to interprimordial growth.

Acantholimon glumaceum (Jaub. and Spach) Boiss.

Just before calyx inception, the floral bud is encircled
by two bracteoles or prophylls (Fig. 2). A single bract is
present below these bracteoles. The five sepal primordia
are initiated simultaneously (Fig. 3), and subsequent inter-
primordial growth leads to a continuous rim (Fig. 4) that
develops into a calyx tube (Figs. 6, 15, 16).

After calyx initiation, the apex flattens and five common
primordia, alternating with the sepal primordia, are initiat-
ed simultaneously (Fig.4). Soon itwo distinct growth-
centres can be observed on each of these primordia: an
abaxial oblate petal primordium and a spherical stamen
primordium at the top (Figs. 5-7). During further develop-

ment, the anthers arise on very short filaments (Figs. 10-
12) and a continuous structure develops at the base of
corolla and androecium (Figs. 10, 14). The lowest part of
this continuous structure appears as a tube in which
filaments and petals cannot be distinguished (Figs. 14, 15).
Five vascular bundles are present at that level (Fig. 15).
At a higher level, each of these vascular bundles is
divided into a petal bundle and a filament bundle (Fig. 16).
Nectar-secreting tissue is found on the adaxial side of the
filament bases (Figs.15,16). The nectariai tissue (Figs.
15,16) consists of densely packed darkly staining cells
with large nuclei. Nectarostomata were not observed.

After inception of the common primordia, five gynoecial
primordia (sensu Sattler 1974) alternating with the stamen
primordia are initiated simultaneously on the corners of
the apex that has become pentagonal (Figs. 6, 8). Inter-
primordial growth gives rise to a tubular structure below
these primordia (Fig.10). This tube develops into the
unilocular superior ovary and the five gynoecial primordia
develop into the five distinct styles and stigmata (Fig. 12).

After initiation of the five gynoecial primordia, the
remaining apex is transformed into the single ovule
primordium (Figs.8,9). A long and slender funicle
develops and the ovule undergoes a curvature of 360°.
In the mature ovule (Fig. 13), the micropyle points away
from the basal placenta towards the top of the ovary.
The micropylar end of the ovule is close to the obturator,
a bulge of transmitting tissue that protrudes from the roof
of the ovary into the locule (Fig. 13).

Armeria maritima (Mifl.) Willd.

Armeria maritima possesses head-like inflorescences
(Fig. 17) composed of small monochasia, with the lateral
branches arising in the axil of a subtending bract (Fig. 18).
Bracteoles are absent. The five sepal primordia are
initiated simultaneously and subsequent interprimordial
growth leads to a continuous rim (Fig. 20) that develops
into a calyx tube (Figs. 23, 24).

After calyx initiation, five common primordia, alternating
with the sepal primordia, are initiated simultaneously on
the flattened apex (Fig.19). Soon the petal primordium
and the stamen primordium can be observed on each of
these primordia (Figs. 20, 21). Initially, the stamen primor-
dia grow much faster than the petal primordia (Figs. 22,
24). At the base of corolla and androecium, a continuous
structure develops (Fig. 29). Nectar-secreting tissue (Fig.
31) and nectarostomata (Fig. 30) are present on the adaxial
side of the filaments in this continuous petal-filament
tube.

After inception of the common primordia, the apex
becomes pentagonal and five gynoecial primordia alter-
nating with the stamen primordia are initiated simultane-
ously on its corners (Figs.21,22). Subsequent inter-
primordial growth gives rise to a tubular structure (Fig. 23)
that develops into the unilocular superior ovary (Fig. 25).
The gynoecial primordia develop into the five distinct
styles and stigmata.

After initiation of the gynoecial primordia, the remaining



J. De Laet et al.




Floral Ontogeny in the Plumbaginaceae 293

apex transforms into the single ovule primordium (Figs. 22,
23). During the development of the ovule (Figs. 26, 27), a
long and slender funicle develops and the ovule under-
goes a curvature of 360°. In the mature ovule (Fig. 28),
the micropyle points towards the top of the ovary and is
close to the obturator.

Goniolimon tataricum (L.) Boiss.

By the time of calyx inception, the floral bud is encircled
by two bracteoles (Fig. 32). The five sepal primordia are
initiated simultaneously (Fig. 33) and subsequent inter-
primordial growth leads to a continuous rim (Fig. 34} that
develops into a calyx tube.

After calyx initiation, five common primordia, alternating
with the sepal primordia, are initiated simultaneously on
the flattened apex (Fig. 34). Soon the petal and stamen
primordia can be observed on these primordia (Fig. 36).
At the base of corolla and androecium, a continuous
structure develops (Fig. 40). Nectariferous tissue (not
shown) is present at the adaxial side of the broadened
filament bases. Nectarostomata were not observed.

After inception of the common primordia, five gynoecial
primordia alternating with the stamen primordia are initiat-
ed simultaneously on the corners of the apex that has
become pentagonal {Fig. 35). Subsequent interprimordial
growth gives rise to a tubular base (Fig. 37) that develops
into the unilocular superior ovary (Fig. 38). The gynoecial
primordia develop into the five distinct styles and stigmata
(Fig. 38). After initiation of the gynoecial primordia, the
remaining apex transforms into the single ovule primor-
dium (Figs. 35, 36). A detail of the young ovary is shown
in figure 39. The obturator is already present and the
curvature of the funicle with the young ovule is half way.

Limonium latifolium (Sm.) O. Kunize

The five sepal primordia are initiated simultaneously
and subsequent interprimordial growth leads to a continu-
ous rim (Fig. 41) that develops into a calyx tube.

After calyx initiation, five common primordia, alternating
with the sepal primordia, are initiated simultaneously on
the flattened apex (Fig. 41). Soon the petal and stamen

primordia can be observed on these common primordia
(Fig. 43). At the base of corolla and androecium, a
continuous structure develops (Fig. 46). Nectar-secret-
ing tissue (Fig. 46) and nectarostomata (Fig. 45) are pres-
ent on the adaxial side of the filaments in this continuous
petal-filament tube.

After inception of the common primordia, five gynoecial
primordia alternating with the stamen primordia are initiat-
ed simultaneously on the corners of the pentagonal apex
(Fig. 42). Subsequent interprimordial growth gives rise to
a tubular base that develops into the unilocular superior
ovary (Figs. 43,44). The gynoecial primordia develop
into the five distinct styles and stigmata. After initiation
of the gynoecial primordia, the remaining apex transforms
into the ovule primordium (Fig. 43).

Ceratostigma plumbaginoides Bunge

After the initiation of a subtending bract, two bracteoles
are initiated successively laterally on the floral bud (Fig.
47). The sepal primordia are initiated simultaneously in
some flowers, but in a 2/5 spiral or more or less irregular
in other. In all cases interprimordial growth leads to a
calyx tube (Figs. 48-50).

After calyx initiation, five common primordia, alternating
with the sepal primordia, are initiated simultaneously on
the flattened apex (Fig. 49). Soon the stamen and petal
primordia can be observed on the common primordia (Fig.
50). The petal primordia reach continuity very early, what
results in a continuous rim (Fig. 50). At maturity, the
filament bases are broadened and continuous among
themselves and with the corolla (Figs. 55, 56). Nectar
secretion occurs at the adaxial side of the filament bases
in the petal-filament-tube. Nectarostomata were not
observed.

After inception of the common primordia, the gynoecium
is initiated directly as a continuous pentagonal ring (Fig.
51). The ovule primordium is derived from the remaining
apex (Figs. 51,52). The gynoecial ring elongates and
forms a tubular structure on top of which five lobes are
formed (Fig. 53). The tubular structure will develop into
the superior unilocular ovary and the single style, while

Figs. 2-14. SEM observations of floral development in Acantholimon glumaceum. 2. Young floral bud with two bracteoles (bract

removed, one bracteole partly removed ; bar=100 gm).

3. Simultaneous inception of five sepal primordia (one bracteole

removed ; bar=100 um). 4. Inception of five common stamen-petal primordia alternating with the sepal primordia (bar=100
um). 5. Very soon after the initiation of a common stamen-petal primordium, the petal and the stamen primordium become
visible on it (bar=50 xm). 6. Inception of five gynoecial primordia alternating with the stamen primordia (bar=100 um). 7.
The stamen primordium and the petal primordium have become clearly separate (bar=50 xm). 8. At inception, the gynoecial
primordia are five distinct bulges on the corners of the pentagonal apex (bar=50 um). 9. Soon the gynoecial primordia reach
continuity ; the remaining apex transforms into the ovule primordium (bar=50 ym). 10. The continuous zone beneath the
gynoecial primordia has grown into a tube ; beneath androecium and corolla a continuous structure has developed (bar=200
um). 1. The gynoecial tube develops into the ovary ; the gynoecial primordia grow out to form the five separate styles and
stigmata ; note the presence of well-developed anthers on short filaments (bar=200 xm). 12. Flower just before anthesis
(bar=400 um). 13. Mature ovule with slender funicle ; the obturator protrudes from the roof of the ovary into the locule at
right (bar=400 um). 14. Adaxial side of the filament bases; the filaments are continuous among themselves and with the
corolla (gynoecium removed ; bar=400 xm). Abbreviations: a, anther; br, bracteole; cp, common stamen-petal primor-
dium ; f, floral apex; fi, filament; fu, funicle; g, gynoecial primordium (sensu Sattler 1974) or gynoecium; o, ovule; ab,

obturator; p, petal; s, sepal; st, stamen.
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the five lobes on top of it will develop into the five-lobed
stigma (Fig. 54).

Plumbago auriculata Lam.

At the time of calyx inception, the floral bud is encircled
by two bracteoles. A single bract is situated below these
bracteoles. The sepals are initiated in a 2/5 phyllotaxis
(Fig. 57). Sepals one and three arise abaxially, sepals
four and five develop laterally and sepal two arises
adaxially. The sepal primordia grow rapidly and inter-
primordial growth leads to continuity (Figs. 58, 59).

After calyx initiation, five common primordia, alternating
with the sepal primordia, are initiated simultaneously on
the flattened apex (Fig. 58). Soon the petal and stamen
primordia can be observed on these common primordia
(Fig. 59). At maturity, the filaments are not continuous
with the petals. The petals are continuous among them-
selves over approximately 3/4 of their length, while the
filaments are only continuous at their swollen bases.
The filament bases are nectariferous and posses nectar-
ostomata.

After inception of the common primordia, the gynoecium
is initiated as a continuous pentagonal ring (Fig. 60). The
ovule primordium is derived from the remaining apex (Figs.
60, 61). The gynoecial ring elongates and forms a tubular
.structure (Fig. 61} that will develop into the superior
unilocular ovary and the single style. The lobes on top of
this structure (Fig. 61) wili develop into the five-lobed
stigma.

Limoniastrum monopetalum (L.} Boiss.

The five sepal primordia are initiated simultaneously
and subsequent interprimordial growth leads to a continu-
ous rim (Fig. 62) that develops into a calyx tube.

After calyx initiation, five common primordia, alternating
with the sepal primordia, are initiated simultaneously on
the flattened apex (Fig. 62). Soon the petal and stamen
primordia can be observed on these common primordia
(Fig. 63). At the base of corolla and androecium, a
continuous structure develops. Nectarostomata are
present on the basal adaxial side of the filaments.

After inception of the common primordia, five gynoecial
primordia alternating with the stamen primordia are initiat-
ed on the corners of the pentagonal apex (Figs. 63-65).
Subsequent interprimordial growth gives rise to a tubular

base that develops into the unilocular superior ovary.
The gynoecial primordia develop into the five distinct
styles and stigmata. After initiation of the gynoecial
primordia, the remaining apex transforms into the ovule
primordium (Fig. 65).

Discussion

Calyx

In all investigated Armerioideag, the sepal primordia are
initiated simultaneously. In the Plumbagoideae, the
sepal primordia are initiated spirally in Plumbago aur-
iculata, and in Ceratostigma plumbaginoides they are
initiated spirally in some flowers but simultaneously or
irregular in other. This distribution allows for many differ-
ent interpretations. Therefore, the patterns of calyx initi-
ation will probably not be very informative in elucidating
the relation between both subfamilies or the relationships
of the family within the angiosperms.

Corolla and androecium

In all observed species, the development of corolla and
androecium starts with the simultaneous appearance of
five distinct common primordia on each of which soon two
distinct growth-centres can be observed (e.g. Figs. 4-7
and 19-21).

In Armeria vulgaris and A. maritima, the original growth-
centre of the common primordium becomes the growth-
centre of the externally visible stamen primordium, while
the petal primordium originates as a new growth-centre
on the abaxial side of the developing common primordium
(Roth 1961b). Roth interpreted this as evidence that the
petals of the Plumbaginaceae should not be viewed as
independent floral organs (such as “real” petals develop-
ing from independent primordia), but as dorsal leaflike
appendages of the stamens. Consequently, she views
the Plumbaginaceae as essentially petalless. It should
be noted howevet, that a similar pattern can be equally
well explained by a phylogenetic process of spatial and/
or temporal shifting of inception of “real” petals.

Moreover, in the Primulales, where similar common
primordia are present, all possible intermediates occur
between the case where the petal primordium appears as
a growth-centre on the abaxial side of the common
primordium and the case where the stamen primordium

Figs.15-22. Light microscopic observations of floral development in Acantholimon glumaceum (15-16) and SEM observations of
floral development in Armeria maritima (17-22). 15. Transverse section of an adult flower of Acantholimon glumaceum at the
level of the continuous structure beneath filaments and corolla ; at this level, five vascular bundies are present ; its adaxial
side is nectar-secreting {bar=285 ymj. 16. A slightly higher transverse section ; ten vascular bundles are present at this
level ; the nectar-secreting tissue is situated on the filaments only {(bar=285 ;ym). 17. Early stage of the head-like inflores-
cence of Armeria maritima (bar=200 um). 18. Young flower bud in the axil of a subtending bract (bar=50 zm). 19. Five
common primordia are initiated alternating with the sepal primordia (bar=50 zm). 20. The sepals have become continuous
(bar=100 xm). 21. Petal and stamen primordia from a common primordium (bar=50 xm). 22. Development of calyx, petals
and stamens ; inception of five carpel primordia and one ovule primordium (two sepals removed ; bar=100 xm). Abbrevia-
tions: b, bract; br, bracteole; ca, calyx; cp, common stamen-petal primordium ; f, floral apex; fi, filament; g, gynoecial
primordium (sensu Sattler 1974) or gynoecium ; n, nectariferous tissue ; o, ovule ; p, petal ; s, sepal ; st, stamen; v, vascular
bundle ; x, continuous structure at the base of corolla and androecium.
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Figs. 23-31. SEM observations (23-30) and light microscopic observation (31) of floral development
in Armeria maritima. 23. The calyx tube is well developed ; the anthers arise on short filaments,
petal development is retarded ; the gynoecial primordia have reached continuity (bar=100 xm).
24. Nearly mature flower subtended by a bract (bar=200 zm). 25. Nearly mature gynoecium
(sepals, petals and stamens removed ; bar=200 um). 26. Young ovule with a curvature of 180°
(bottom of the locule at the right upper corner; bar=50 zm). 27. Slightly older ovuie with a
curvature of 360° (bottom of the locule at right; bar=100 um). 28. Mature ovule ; the obturator
protrudes from the roof of the ovary (bottom of the locule at right; bar=400 zm). 29. Adaxial
side of the filaments and the petal-filament tube (bar=400 zm). 30. Open nectarostomata
situated on the adaxial side of the filament bases {bar=12.5 um). 31. Transverse section, the
adaxial side of the petal-filament tube is nectariferous (bar=285 um). Abbreviations: a,
anther; b, bract; ca, calyx; co, corolla; fi, filament; fu, funicle; g, gynoecial primordium
{sensu Sattler 1974) or gynoecium ; ii, inner integument; n, nectariferous tissue; o, ovule; ob,
obturator ; oi, outer integument; p, petal; v, vascular bundle; x, continuous structure at the
base of corolla and androecium.

appears as a growth-centre on its adaxial side (Sattler “reality” of the petals.

1962, 1967). Both extremes are not fundamentally differ- Common stamen-petal primordia in which the abaxial
ent and one should not rely to exclusively on the precise part deveiops into a petal and the adaxial part into a
pattern for drawing phylogenetic conclusions about the stamen, occur relatively frequently in taxa where petals
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Figs. 32-40. SEM observations of floral development in Goniolimon tataricum. 32. Flower bud
surrounded by two bracteoles ; five sepal primordia are already initiated (bract removed ; bar=
100 #m). 33. Sepals slightly enlarged (bar=100 ym). 34. Inception of five common stamen-
petal primordia alternating with the sepal primordia (bar=100 gm). 35. inception of five
gynoecial primordia and one ovule primordium (bar=50 zm). 36. The gynoecial primordia have
become continuous (bar=100 xm). 37. The continuous zone beneath the gynoecial primordia
has grown into a tube ; the anthers arise on short filaments (bar=100 xm); stamens and petals
develop at equal pace. 38. Lateral view of a young flower with superior ovary, five styles and
the single developing ovule {ovary wall partly removed ; bar=200 gum). 38. Developing ovule
with a curvature of 180° ; one integument initiated ; the obturator is already present (bar=50 uzm).
40. Adaxial side of the filaments and petal-filament tube (gynoecium removed ; bar=400 uzm).
Abbreviations : a, anther; br, bracteole ; cp, common stamen-petal primordium ; fi, filament; fu,
funicle ; g, gynoecial primordium (sensu Sattler 1974) or gynoecium; i, integument; o, ovule;
ob, obturator ; p, petal ; s, sepal ; st, stamen; x, continuous structure at the base of corolla and
androecium.

and stamens are superposed. Ronse Decraene et al. (Tucker 1989) where the common primordia divide not
(1993) list 21 Magnoliatae families in which they are known radially but laterally and give rise to two petals and a
to occur. Beside these cases, other types of common stamen, to one petal and two stamens, or to a petal and
stamen-petal primordia exist; e.g. in Pisum sativum L. a stamen. Moreover, common primordia are not
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Figs. 41-46. SEM observations (41-45) and light microscopic observation (46) of floral development

in Limonium latifolium. 41. Young flower with five sepals and inception of five common
primordia (bar=100 zm). 42. Initiation of five gynoecial primordia (bar=25 xm). 43. The
gynoecial primordia have reached continuity ; the remaining apex is transformed into the single
ovule primordium (bar=100 zm). 44. The continuous zone beneath the gynoecial primordia has
grown into a tube (the young ovary); the anthers arise on short filaments (bar=100 um). 45.
Open nectarostomata on the adaxial side of the filament (bar=25 um). 46. Tranverse section,
the adaxial side of the petal-filament tube is nectariferous (bar=285 ;zm). Abbreviations: a,
anther; cp, common stamen-petal primordium ; fu, funicle; g, gynoecial primordium (sensu
Sattler 1974) or gynoecium ; n, nectariferous tissue ; o, ovule ; p, petal ; s, sepal; st, stamen; v,

vascular bundle ; x, continuous structure at the base of corolla and androecium.

restricted to stamens and petals : e.g. Astrantia major L.
has common sepal-stamen primordia (Erbar and Leins
1985).

In our view, all these cases are best interpreted as a
particular instance of the general frend of increasing
synorganization between different floral whorls in an-
giosperms (Endress 1987). Within this context, common
primordia can originate by every phylogenetic process
that affects two or more organ primordia that are distinct
during early ontogeny, in such a way that their earliest
developmental stages become highly integrated. Pos-
sible processes include in situ inception of de novo

meristems (sensu Sattler 1978) or spatial and temporal
shifting of primordial inception. Ronse Decraene and
Smets (1993 : 119) and Ronse Decraene et al. (1993 : 108)
proposed to group all these diverse phylogenetic proces-
ses that give rise to common primordia of this type under
the name “negative dédoublement”, thereby reviving and
slightly modifying a concept of Celakovsky (1894). Con-
sequently, to invoke negative dédoublement for explaining
the occurrence of common stamen-petal primordia in the
Plumbaginaceae comes down to the hypothesis that the
family is phylogenetically linked with ancestors in which
petal and stamen primordia were distinct. The precise
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Figs. 47-56. SEM observations of floral development in Ceratostigma plumbaginoides. A47. Young
floral bud surrounded by two bracteoles, showing sepal inception (bract removed ; bar=100 xm).
48. Initiation of sepal primordia (bar=50 xm). 49. Development of the sepals and inception of
the common primordia (bar=50 um). 50. Separation of petal and stamen primordia ; the petal
primordia have already reached continuity ; inception of the gynoecium as a pentagonal ring
(bar=50 um). 51. Ringlike gynoecium and ovule inception (bar=25 ym). 52. The gynoecial
ring is slightly elongated ; petal development lags behind stamen development (bar=50 xm).
53. Five lobes appear on top of the gynoecial tube (bar=100 xm). 54. Ovary, style and
stigmata become visible on the gynoecium (bar=200 xm). 55. Adaxial side of the swollen,
nectar-secreting filament bases (bar=200 um). 56. Flower before anthesis showing petal-
filament tube at base (bar=400 zm). Abbreviations : a, anther; br, bracteole ; ca, calyx; co,
corolla; cp, common stamen-petal primordium; fi, filament; g, gynoecial primordium (sensu
Sattler 1974) or gynoecium ; o, ovule ; p, petal ; s, sepal; st, stamen ; x, continuous structure at
the base of corolla and androecium.

nature of the phylogenetic processes involved is left open. developmental stages of petals and stamens are also

The occurrence of common stamen-petal primordia (i.e. integrated, as is clear from Plumbago auriculata. Com-
an integration of the earliest stages of stamen and petal mon stamen-petal primordia are present in this species
development) does not necessarily imply that the later (Figs. 58, 59), but the common base beneath petal primor-
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dium and stamen primordium in the earliest stages does
not develop any further (as it does in e.g. Acantholimon
glumaceum). Since also any other kind of process that
leads to continuity is absent during these later stages,
corolla and androecium are not continuous at maturity.
Conversely, in many angiosperm taxa the later stages of
corolla and androecium development are highly integrated
while no common primordia are present in the earliest
stages {(e.g. in Eucnide, Hufford 1988),

The fact that common primordia are not necessarily
linked with synorganization during later developmental
stages (and vica versa), probably reflects a difference in
the main constraints that act in the earliest stages on the
one hand and in the later stages on the other. Integration
of the earliest stages is part of the evolution of the
phyllotactic pattern of the flower and as such it is heavily
constrained by the underlying mechanisms of phyllotaxis.
Synorganization during the later stages is probably more
constrained by functional concerns relating to pollination,
fertilisation and fruit development. Consequently both
can evolve more or less independently and it may be
useful to have a term that refers only to synorganization of
the earliest stages (negative dedoublement). It is inter-
esting to note that similar conclusions can be drawn from
recent advances in the genetics of flower development,
where it has been shown that the genetic mechanisms of
establishment of organ number (related to phyllotaxis) and
specification of organ identity (related to the further
development of primordia} are to some degree separate
(Coen 1991, Coen and Meyerowitz 1991}.

These considerations do not imply that the evolution of
the early stages on the one hand, and the later stages on
the other, are completely independent or are ruled by
nonintersecting sets of constraints. The primordia that
are initiated during the earliest stages are the raw material
for the later stages, so that these later developmental
stages are indirectly influenced by floral phyllotaxis. On
the other hand, there is no a priori reason why evolution-
ary changes of the earliest stages (restricted by the
constraints of the phyllotactic mechanism) cannot be
compatible with functional concerns later on.

The tube beneath the filament bases has been variously
interpreted in the past. In a purely descriptive sense it is
often simply seen as part of the corolla (e.g. Heywood
1978: 79: “stamens... inserted at the base of the
corolla”). In a second interpretation, it is seen as a

structure that is essentially androecial (e.g. Friedrich 1956,
Roth 1961b). Lasily, it has been interpreted as an axial
structure, i.e. as a receptacular outgrowth (e.g. Pfeffer
1872 : fide Roth 1961b). In our view, the question whether
the tube beneath the filament bases is essentially corol-
lous, androecial or receptacular is the wrong kind of
question. It possesses properties of all three and as a
whole it cannot be reduced to any of them (see Sattler's
1988 concept of dynamic morphology).

Gynoecium

The gynoecium of the Plumbaginaceae is acarpellate
sensu Sattler (1974), meaning that the ovules do not arise
on the structures that develop from the gynoecial primor-
dia (which they do in carpellate gynoecia). Sattler's
approach to gynoecial morphology is in the first place an
attempt to make a clear distinction between empirical
observation and theoretical interpretation in those cases
where the classical carpel concept is difficult to apply.
is intentionally meant to be purely descriptive and neutral
with respect to evolutionary interpretations. So, carpel-
late and acarpellate gynoecia may or may not be funda-
mentally different within the angiosperms; the one may
be derived from the other or vice versa; transitions
between both may be frequent or not: all possibilities are
left open, and all kinds of evolutionary and morphological
models and interpretations can be superimposed on
Sattler's approach. While it is intentionally meant to be
purely descriptive, it does of course not exclude
phylogenetic interpretation. Because of the heter-
ogenous distribution of acarpellate gynoecia in the
Magnoliatae, Cresens and Smets (19892, 1990) rejected
the idea that carpellate gynoecia on the one hand and
acarpellate on the other are homologous in all angio-
sperms. Based on the various ways in which pistils
become visible during early ontogeny, they defined the
character carpel-form with the states leptate, pseudole-
ptate and coenoleptate (Cresens and Smets 1989a, 1989b,
1990, 1992). This characterisation, not to be confused
with peltate carpel theory (e.g. Troll 1932), is relatively
straightforward to apply in a majority of angiosperms and
seems to define three major complexes of angiosperm
families (Cresens and Smets 1989a, 1990). However, it is
difficult to interpret the early gynoecial development in the
Plumbaginaceae as one of the three basic states defined

Figs. 57-65. SEM observations of floral development in Plumbago auriculata (56-59) and Limoniastrum monopetalum (62-65).
57. Young floral bud of Plumbago auriculata with the 2/5 spiral inception of the sepals (bract removed ; bracteoles partly
removed ; bar=100 zm). 58. Initiation of five common stamen-petal primordia alternating with the sepal primordia (bar=50
um). 59, Petal and stamen primordia are clearly separated on the common primordia (two sepals removed ; bar=50 uym).
60. Inception of the gynoecium as a pentagonal ring ; inception of the ovule primordium (sepals removed ; bar=100 xm). 61,
The gynoecial ring is slightly elongated ; five lobes appear on top of it (sepals, two petals and two stamens removed ; bar=
100 ym). 62. Young flower of Limoniastrum monopetalum with five sepals and inception of five commmon primordia (bar=
100 um). B83. Inception of the gynoecial primordia (sepals removed ; bar=100 zm). 64. Lateral view of a developing flower
(bar=100 zm). 65. Ovule initiation (bar=50 zm). Abbreviations: b, bract; br, bracteole ; ca, calyx; cp, common stamen-
petal primordium ; g, gynoecial primordium (sensu Sattler 1974) or gynoecium ; o, ovule; p, petal; s, sepal; st, stamen.
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by Cresens and Smets. If one agrees that the Plum-
baginaceae are related to the Caryophyllales (belonging to
the leptate group of families), then their gynoecium can be
interpreted as composed of leptate carpels in which the
adaxial portions of the circumplastic carpel primordia are
extremely reduced (i.e. a latently leptate carpel form
according to Cresens and Smets 1992).

Mainly on the basis of the ovule implantation relative to
the ontogenetic closure of the carpels, Taylor (1991)
defined the character ‘carpel morphology’. In terms of
this character, the Plumbaginaceae possess an ascidate
gynoecium. However, the correctness of this
homologisation in all angiosperms can be doubted on the
grounds that ascidate gynoecia can arise developmentally
in very dissimilar ways, while different states of this
character may be produced by rather similar ontogenies
(cf. Cresens and Smets 1990).

The single basal ovule of the Plumbaginaceae is often
characterised as anatropous (e.g. Kubitzki 1993, Cronquist
1981, Heywood 1978), but because of the presence of a
long funicle that is curved around the ovule (e.g. Figs. 13,
28), it has also been called circinotropous (e.g. McLean
and lvimey-Cook 1956, Melchior 1964, Bouman 1984).
Long and curved funicles are also present in Cactaceae,
but the circinotropous ovule of the Plumbaginaceae is
characteristic due to the very slender funicle and the
doubly inverted position of the mature ovule, with the
micropyle pointing away from the basal placenta to the
top of the ovary. In a mature ovary, the micropyle is in
close contact with transmitting tissue that protrudes from
the roof of the ovary into the locule. Protrusions of
transmitting tissue into the locule develop in several
angiosperm families and are called obturators irrespective
of their morphological origin (Schnarf 1929). The obtu-
rator of the Plumbaginaceae consists of endotrophic trans-
mitting tissue {Schnarf 1929: 288) projecting from the
base of the style(s) inwards ; this type of obturator seems
to be unique within angiosperms.

The floral nectaries

All the observed species possess nectarial tissue on
the adaxial side of the broadened filament bases, often
extending downwards on the fube. As discussed earlier,
this tube is neither essentially corollous, androecial or
receptacular, but has properties of all three. Within this
family, the presence of nectarial tissue on it is clearly an
androecial property. First of all, the nectarial tissue is
situated at its adaxial side and extends into the region
where the filaments can be clearly recognized. Second-
ly, in the case of Plumbago auriculata, where corolla and
androecium are not continuous with each other, nectarial
tissue is only present on the filament bases, and not on
the corolla.

Smets (1986, 1988, 1989 ; see also Smets and Cresens
1988) delineated floral nectary types that have a maximal
predictive value for the higher magnoliophytinean taxa.
His hierarchical ordering of nectaries is based on their
association or homology with the major floral morphomes,

namely the androecium, the gynoecium, the receptacle
and the different perianth morphomes. Within this frame-
work, the nectaries of all observed species of the Plum-
baginaceae are associated with the androecium and
belong to the androphyllominous caducous nectaries of
the staminal type. It is obvious that an interpretation of
the cylindrical tube as essentially corollous or recep-
tacular will lead to a wrong characterization of the nectar-
ial type in the Plumbaginaceae ; e.g. according to Swales
(1979), the nectaries of Armeria are situated on the corolla.

In general, nectar secretion occurs through rigid
stomata (“nectarostomata” sensu Ronse Decraene and
Smets 1991 ; cf. Smets 1988), through submicroscopical
pores in the cuticle, or by diffusion through the epidermis.
Nectarostomata were observed ‘in Armeria maritima,
Limonium latifolium and Limoniastrum monopetalum of
the Armerioideae and Plumbago auriculata of the Plum-
bagoideae, but not in the other investigated species.
This distribution reinforces Smets’ conclusion (1988) that
the mode of nectar secretion is generally only relevant at
a low taxonomical level.

We thank Professor Dr.J. Rammeloo, Director of the
Botanical Garden of Belgium for having placed the scan-
ning electron microscope at our disposal and M. Ver-
haegen for his technical assistance. E.Smets thanks
the NFWO (National Fund for Scientific Research of
Belgium), the VWS (Viaamse Wetenschappelijke Sticht-
ing) and the organizers of the XVth International Botanical
Congress, Yokahama (Japan) for the grants to attend this
congress. The NFWO is also acknowledged for research
subsidies (Kredieten aan navorsers). This research is
supported by grants (project n° 2.0038.91 and project n° G.
0143.95) of the NFWOQ.

References

Baker, H.G. 1948. Dimorphism and monomorphism in the
Plumbaginaceae. 1. A survey of the family. Ann.
Bot. 12: 207-219.

Baker, H.G. 1966. The evolution, functioning and break-
down of heteromorphic incompatibility systems. |
The Plumbaginaceae. Evolution 20: 349-368.

Baum, H. 1949. Die Verbreitung der postgenitalen Ver-
wachsung im Gyndzeum und ihre Bedeutung fiir die
typologische Betrachtung des coenokarpen
Gyndzeums, Ost. Bot. Z. 95: 124-128.

Bouman, F. 1984. The ovule. I/n B.M. Johri, ed., Embry-
ology of Angiosperms, Springer Verlag, Betlin, pp.
123-157.

Celakovsky, L.J. 1894. Das Reductionsgesetz der Bli-
then, das Dedoubiement und die Obdiplostemonie.
Sitzungsberichte der koéniglichen Boéhm. Gesell-
schaft des wissenschaftlichen, mathematisch-natur-
lichen Klasses 3:.1-142.

Chase, M.W,, Soltis, D.E., Olmstead, R.G., Morgan, D., Les,
D.H., Mishler, B.D., Duvall, M.R,, Price, R.A,, Hills, H.G.,
Qiu, Y.-L., Kron, K.A., Rettig, J.H., Conti, E., Palmer,
J.D., Manhart, J.R, Syisma, K.J., Michaels, H.J,



Floral Ontogeny in the Plumbaginaceae

Kress, W.J., Karrol, K.G., Clark, W.D., Hedrén, M.,
Gaut, B.S., Jansen, RK.,, Kim, K.-J., Wimpee, C.F,,
Smith, J.F., Furnier, G.R., Strauss, S.H., Xiang, Q.-Y.,
Plunkett, G.M., Soltis, P.S., Swensen, S.M., Williams,
S.E., Gadek, P.A., Quinn, C.J., Eguiarte, L.E., Golen-
berg, E., Learn, G.H. Jr., Graham, S.W., Barrett,
S.C. H, Dayanandan, S. and Albert, V.A. 1993
Phylogenetics of seed plants: an analysis of nu-
cleotide sequences from the plastid gene rbcL. Ann.
Missouri. Bot. Gard. 80 : 528-580.

Clinckemaillie, D. and Smets, E.F. 1992. Floral similar-
ities between Plumbaginaceae and Primulaceae :
systematic significance. Belg. J. Bot. 125: 151-153.

Clos, M.D. 1879. La théorie des soudures en botanique.
Mém. Acad. Sci. Toulouse, série 8,1: 107-145.

Coen, E.S. 1991. The role of homeotic genes in flower
development and evolution. Annu. Rev. Plant
Physiol. Plant Mol. Biol. 42 : 241-279.

Coen, E.S. and Meyerowitz, EIM. 1991. The war of the
whorls : genetic interactions controlling flower devel-
opment. Nature 353 : 31-37.

Cresens, EM. and Smets, E.F. 1989a. Character
research on magnoliophytinean pistils—the character
‘carpel form’ and Sattler's approach to gynoecial
morphology. Amer. J. Bot. 76, suppl. : 30.

Cresens, EIM. and Smets, E.F. 1989b. The carpel—a
problem child of floral morphology and evolution.
Bull. Jard. Bot. Nat. Belg. 59 : 377-409.

Cresens, E.M. and Smets, EF. 1990. The characteriza-
tion of the character “Carpel Form”—a renewed view
of the gynoecium of the Magnoliatae, /in C.P. Malik,
D.S. Bhatia, R.C. Setia, and P. Singh, eds., Advances
in Frontier Areas of Plant Science. Narendra Publish-
ing House, Delhi, 125-154.

Cresens, E.M. and Smets, E.F. 1992. On the character
“carpel-form”. Trends in the development of the
Magnoliatae pistil. Candollea 47 : 373-390.

Cronquist, A. 1981. An Integrated System of Classifica-
tion of Flowering Plants. Columbia University Press,
New York.

Cronquist, A. 1988. The Evolution and Ciassification of
Flowering Plants, ed. 2. The New York Botanical
Garden, Bronx.

Cusick, F. 1966. On phylogenetic and ontogenetic
fusions, In E.G. Cutter, ed., Trends in Plant Mor-
phogenesis. Longmans Green and Co, London, pp.
170-183.

Dahlgren, R. 1983. General aspects of angiosperm evo-
lution and macrosystematics. Nord. J. Bot. 3: 119-
149.

Daniel, E. and Sattler, R. 1978. Development of perianth
tubes of Solanum dulcamara : implications for com-
parative morphology. Phytomorphology 28 : 151-171.

Dulberger, R. 1975. Intermorph structural differences
between stigmatic papillae and pollen grains in rela-
tion to incompatibility in Plumbaginaceae. Proc. R.
Soc. Lond. B 188: 257-274.

Endress, P.K. 1987. Floral phyllotaxis and floral evolu-
tion. Bot. Jahrb. Syst. 108 : 417-438.

Erbar, C. and Leins, P. 1985. Studien zur Organsequenz
in Apiaceenbliten. Bot. Jahrb. Syst. 105 : 379-400.

Fahn, A. 1979. Secretory Tissues in Plants. Academic
Press, London.

Friedrich, H.-C. 1956. Studien Uber die natirliche Ver-
wandtschaft der Plumbaginales und Centrospermae.
Phyton 6 220-263.

Giannasi, D.E., Zurawski, G., Learn, G. and Clegg, M.T.
1992. Evolutionary relationships of the Caryophyl-
lidae based on comparative rbclL sequences. Syst.
Bot. 17 : 1-15.

Heywood, V.H. 1978. Flowering Plants of the World.
Oxford University Press, Oxford.

Hufford, L.D. 1988. Roles of early ontogenetic modifica-
tions in the evolution of floral form of Eucnide
(Loasaceae). Bot. Jahrb. Syst. 109 : 289-333.

Kubitzki, K. 1993. Plumbaginaceae. In K. Kubitzki, J.G.
Rohwer and V. Bittrich, eds., The Families and Genera
of Vascular Plants, vol Il. Springer-Verlag, Berlin, pp.
523-530.

Labbe, A. 1962. Les Plombaginacées. Structure,
développement, répartition, conséquences en
systématique, Trav. Lab. Biol. Vég. Grenoble-lLauta-
ret. Imprimerie Allier, Grenoble.

McLean, R.C. and Ivimey-Cook, W.R. 1956. Textbook of
Theoretical Botany, vol. 2. Longmans, Green & Co,
London.

Melchior, H. 1964. A. Engler's Syllabus der Planzen-
familien, ed. 12, vol 2. Gebrlder Borntragger Berlin.

Metcalfe, C.R. and Chalk, L. 1950. Anatomy of the Dicot-
yledons. Clarendon Press, Oxford.

Nowicke, J.W. and Skvarla, J.J. 1977. Pollen morphology
and the relationship of the Plumbaginaceae,
Polygonaceae, and Primulaceae 1o the order
Centrospermae. Smithson. Contr. Bot. 37.

Pax, F. 1897. Plumbaginaceae. /n A.Engler and K.
Prantl, eds., Die natirlichen Pflanzenfamilien, vol. 4.
Wilhelm Engelmann, Leipzig, pp. 116-125.

Payer, J.-B. 1857. Traité d'organogénie comparée de la
fleur. Librairie de Victor Masson, Paris. (reprint by J.
Cramer, 1966, Wheldon and Wesley Ltd, New York).

Pfeffer, W. 1872. Zur Blithenentwicklung der
Primulaceen und Ampelideen. Jahrb. wiss. Bot. 8:
194-215.

Ronse Decraene L.-P., Clinckemaillie, D. and Smets, E.
1993. Stamen-petal complexes in Magnoliatae.
Bull. Jard. Bot. Nat. Belg. 62: 97-112.

Ronse Decraene, L.-P. and Smets, EF. 1991. The floral
nectaries of Polygonum s.l. and related genera (Per-
sicarieae and Polygoneae): position, morphological
nature and semophylesis. Flora 185 : 165-185.

Ronse Decraene, L.P. and Smets, E.F. 1993. Dédouble-
ment revisited : towards a renewed interpretation of
the androecium of the Magnoliophytina. Bot. J. Linn.
Soc. 113 : 103-124.

Roth, I. 1961a. Histogenese und morphologische
Deutung der basilaren Plazenta von Armeria. Ost.
Bot. Z. 109 : 18-40.

Roth, I 1961b. Histogenese und morphologische
Deutung der Kronblatter von Armeria. Portug. Acta
Biol., série A, 6: 211-230.

Sattler, R. 1962. Zur frihen Infloreszenz- und
Bliitenentwicklung der Primulales sensu lato mit

303



304

besonderer Berticksichtigung der Stamen-Petalum-
Entwicklung. Bot. Jahrb. Syst. 81: 358-396.

Sattler, R. 1967. Petal inception and the problem of
pattern detection. J. Theoret. Biol. 17 : 31-39.

Sattler, R. 1974. A new approach to gynoecial morphol-
ogy. Phytomorphology 24 : 22-34.

Sattler, R. 1977. Kronréhrenentstehung bei Solanum
dulcamara L. und “kongenitale Verwachsung”. Ber. Dt.
Bot. Ges. 90: 29-38.

Sattler, R. 1978. “Fusion” and “continuity” in floral mor-
phology. Notes R. Bot. Gard. Edinb. 36 : 397-405.

Sattler, R. 1988. A dynamic multidimensional approach
to floral morphoiogy. In P.Leins, S.C. Tucker and
P.K.Endress, eds., Aspects of Floral Development.
Cramer, Berlin, pp. 1-6.

Schnarf, K. 1929. Embryologie der Angiospermen. Hand-
buch der Pflanzenanatomie |l 2, Gebrider. Bor-
ntraeger, Berlin.

Schnepf, E. 1969. Sekretion und Excretion bej Pflanzen,
Protoplasmoilogia VI, 8, Springer-Verlag, Wien.
Smets, EF. 1986. Localization and systematic impor-
tance of the floral nectaries in the Magnoliatae (dicot-

yledons). Bull. Jard. Bot. Nat. Belg. 56 : 51-76.

Smets, E.F. 1988. Florale nektarién van de Magnolio-
phytina : karakterizering en systematische betekenis.
Doctoral dissertation, Instituut voor Plantkunde, K.U.
Leuven.

Smets, E. 1989. The distribution and the systematic
relevance of caducous nectaries and persistent
nectaries in the Magnoliophytina (angiosperms).
Acta Bot. Neerl. 38 : 100.

Smets, EF. and Cresens, E.M. 1988. Types of floral
nectaries and the concepts ‘character’ and

J. De Laet et al.

‘character- state’ —a reconsideration. Acta Bot.
Neerl. 37 : 121-128.

Stebbins, G.L. 1974. Flowering plants. Evolution above
the Species Level. Harvard University Press, Cam-
bridge.

Swales, D.E. 1979. Nectaries of certain Arctic and
Subarctic plants with notes on pollination. Rhodora
81: 363-407.

Takhtajan, A. 1986. Floristic Regions of the World.
University of California Press, Berkeley.

Taylor, D.W. 1991. Angiosperm ovules and carpels: their
characters and polarities, distribution in basa! clades,
and structural evolution. Postilla 208 ; 1-40.

Thorne, R.F, 1981. Phytochemistry and angiosperm
phylogeny: a summary statement. /n D.A.Young
and D.S. Seigler, eds., Phytochemistry and Angios-
perm Phylogeny. Praeger Publ., New York, pp. 233-
295.

Troll, W. 1932. Morphologie der schildférmigen Bléatter.
Planta 17 : 153-314.

Tucker, S.C. 1989. Overlapping organ initiation and
common primordia in flowers of Pisum sativum
{Leguminosae : Papilionoideae). Amer. J. Bot. 76:
714-729.

Verbeke, J.A. 1992. Fusion events during floral mor-
phogenesis. Annu. Rev. Plant Physiol. Plant Mol.
Biol. 43 : 583-598.

Vuilleumier, B.S. 1967. The origin and evolutionary
development of heterostyly in the angiosperms.
Evolution 21: 210-226.

(Received February 8, 1995 : Accepted June 5, 1995)



