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This study deals speciÞcally with ßoral organogenesis and the development of the inßorescence ofPhilodendron
ornatum. The development of the inßorescence ofP. ornatum can be divided into two morphogenetic phases: (i)
before and (ii) after the initiation of the ßoral organs. Before the initiation of the ßoral organs, the ratio between the
width and the length of the inßorescence is greater than after their initiation. The Þrst phase correspondsto the
establishment of the phyllotactic pattern, and the second phase corresponds to the differentiation of ßoralorgans.
Pistillate ßowers are initiated on the lower portion of the inßorescence, and the staminate ßowers are initiated on the
distal portion. An intermediate zone consisting of sterile male ßowers and atypical bisexual ßowers (ABFs) with
carpels and staminodes inserted on the same whorl is also present. The portion of the ABFs facing the male zone
forms staminodes, and the portion facing the female zone develops an incomplete gynoecium with a few carpels.
This phenomenon raises the issue of relationships between hierarchical levels and their mutual inßuence on the
developmental morphology of ABFs. In this article, this question is addressed in the context of the basictriadic
system developed by Salthe.
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Introduction

The structure of the inßorescence ofPhilodendron constitutes
an interesting morphological model to analyze the relationship
between local and global processes acting during the morpho-
genesis of ßoral organs. The unique morphology of the inßo-
rescence allows us to study a poorly known phenomenon in
angiospermous ßowers: the homeotic transformations involving
carpels and staminodes on the same ßoral whorl. The phenome-
non of homeosis, deÞned in plants as the complete or partial re-
placement of one organ by a different organ (Lehman and
Sattler 1992), is believed to play an important role in the ontog-
eny and phylogeny of reproductive organs (Sattler 1994; Froh-
lich and Meyerowitz 1997; Mouradov et al. 1998; Purugganan
1998; Winter et al. 1999; Ambrose et al. 2000; Becker et al.
2000; Kramer and Irish 2000; Thei§en 2001; Lee et al. 2003;
Nagasawa et al. 2003; Ronse De Craene 2003; Yamaguchi
et al. 2004). Although the concept of homeosis is widely used in
molecular biology, it was Þrst deÞned from a morphological per-
spective at the end of the nineteenth century without speciÞc
reference to homeotic genes (for a review of this concept in de-
velopmental plant morphology, see Sattler 1988; Vergara-Silva
2003).

In Philodendron, as in other members of the Aroideae sensu
Mayo et al. (1997), the female ßowers are located in the lower
portion of the inßorescence and the male ßowers in the upper
portion. These two zones are separated by a zone of sterile
male ßowers. Between the sterile male zone and the female

zone, there is a row of atypical bisexual ßowers (ABFs; Engler
and Krause 1912, p. 16; Mayo 1986, Þg. 393). These ABFs
consist of carpels and staminodes that are initiated on the
same whorl (Barabe« et al. 2004). It is important to note that
the ABFs are not true functional bisexual ßowers. The pistil-
late portion is fertile, whereas the staminate portion consists
of staminodes. Even though from a functional reproductive
point of view these ßowers remain unisexual, they can be con-
sidered as bisexual from a developmental point of view be-
cause pistillate and staminate primordia are initiated on the
same ßower (Barabe«et al. 2004).

Our previous studies allowed us to analyze the range of ho-
meotic transformations in the genusPhilodendron and to de-
duce common patterns of development in ABFs belonging to
different species (Boubes and Barabe«1996; Barabe«et al. 2000,
2002, 2004). The ABFs arise through the homeotic replacement
of carpels with staminodes. However, is this pattern of develop-
ment common to all species ofPhilodendron? The great number
of species belonging to the genusPhilodendron (700) does not
allow us to claim that the developmental morphology is similar
for all species. For example, Mayo (1986, 1989) showed that
there is a great amount of variability in anatomical characters
among inßorescences inPhilodendron. Therefore, although the
overall developmental morphology of the inßorescence ofPhilo-
dendron is consistent, one may expect to Þnd some variability
and alternate modes of ßoral development in a genus consisting
of several hundred species.

In species ofPhilodendron previously studied, it was shown
that the number of appendages present in sterile and female
ßowers acts as a constraint on the number of appendages in
ABFs (Barabe« et al. 2004). How do those border conditions
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established by the stable morphological zones of the female and
sterile male ßowers inßuence the morphology of ABFs found in
the transition zone?

This question raises the issue of relationships between hierar-
chical levels and their mutual inßuence on the developmental
morphology of ABFs. It can be addressed in the context of the
basic triadic system developed by Salthe (1985), which represents
the minimal cluster of levels required to describe fundamental in-
teractive relationships: ÔÔthe dynamics of upper and lower levels
produce output that can inßuence the dynamic of the focal levelÕÕ
(Salthe 1985, p. 75). The lower-level constraints are deÞned as
initiating conditions that autonomously give rise to focal-level dy-
namics. Higher-level constraints refer to boundary conditions,
and they regulate the results of focal-level dynamics (Salthe 1985,
p. 69). We will adapt the concept of the basic triadic system de-
veloped for levels of organization in biology to the more narrowly
deÞned Þeld of developmental biology by using the organogenesis
of the inßorescence ofPhilodendron ornatum as a case study. In
the domain of developmental morphology, one needs to identify
levels that interact with the focal level. Therefore, in the case of
atypical ßowers, what are the initiating conditions and boundary
conditions?

The development of the inßorescence ofPhilodendron also
highlights the problem of recognition of morphogenetic phases
during the ontogenesis of aroid inßorescences. Two different
morphogenetic phases were identiÞed in the inßorescence of
Symplocarpus, a genus with bisexual ßowers (Barabe« 1995).
Does the same phenomenon occur in genera with unisexual
ßowers, in particular Philodendron? This point, which has not
been discussed in our previous studies ofPhilodendron, is ad-
dressed in the context of the developmental morphology ofP.
ornatum.

In the general context of the development of the inßores-
cence and ßowers of the Araceae, the speciÞc goals of this
study usingP. ornatum are (1) to show that the nature of ßow-
ers surrounding ABFs canalize the morphological potentiali-
ties of ABFs, (2) to characterize the morphogenetic periods in
the development of the inßorescence, and (3) to integrate the
developmental morphology of the inßorescence ofPhiloden-
dron within the general framework of SaltheÕs (1985) basic tri-
adic system.

Material and Methods

Samples. Phildendron ornatum Schott belongs to the sub-
genus Philodendron (Croat 1997). Specimens used for this
study were collected in French Guiana (voucher specimen de-
posited at MT: Barabe« 33). Inßorescences at various stages of
development were dissected under a stereo microscope to ex-
pose the spadix, Þxed in formalinÐacetic acidÐalcohol (1 : 1 : 9
by volume), and later transferred to 70% ethanol for storage.

Microscopy. Thirty-six inßorescences ofP. ornatum were
dehydrated in a graded ethanol series to absolute ethanol. They
were then dried in a LADD model 28000 critical-point dryer
using CO2 as a transitional ßuid, mounted on metal stubs, and
grounded with conductive silver paint. Specimens were sputter-
coated with gold/palladium to ; 30 nm using a Denton Vacuum
Desk II sputter-coater and viewed with a Cambridge S604
SEM with digital imaging capabilities (SEMICAPS).

Results

Morphology of the mature ßowers. The length of the ma-
ture spadices ofPhilodendron ornatum ranges from 12 to 15
cm (Þg. 1.1). Neither staminate nor pistillate ßowers have a
perianth. The staminate ßowers occupy the upper portion of
the inßorescence and make up; 50% of the total length of the
inßorescence (Þgs. 1.1, 1.2), whereas the female ßowers are lo-
cated on the lower portion and occupy ; 40% of the total
length (Þgs. 1.1, 1.4). ModiÞed stomata in the sense of Vogel
(1977) are found on the surface of the apical portion of the
stamens (Þg. 1.2) and staminodes on male and sterile male
ßowers, respectively. The epidermis of stamens and staminodes
consists of pegged and ridged cells, giving the surface a rough
appearance (Þg. 1.2). Mature female ßowers have a prominent
stigmatic surface (Þg. 1.4).

Between the male and the female portions of the inßores-
cence, there is an intermediate zone (; 10% of the total length
of the spadix) consisting of sterile male ßowers and ABFs
(Þgs. 1.1, 1.3). ABFs are inserted at the boundary between the
sterile male zone and the female zone. They generally consist
of carpels and staminodes inserted on the same whorl. On ma-
ture ßowers, it is difÞcult to determine whether the staminode
and carpels are inserted on the same whorl (Þg. 1.3). However,
during early stages of development, this phenomenon is visible
(Þg. 5.22). The portion of the bisexual ßower facing the male
zone consists of staminodes, and the portion facing the female
zone consists of an incomplete gynoecium (Þg. 5.22).

Inßorescence and ßoral development. The inßorescence of
P. ornatum is conical to subcylindrical in shape during early
stages of development (Þgs. 2.5, 2.6). The different ßower types
are initiated acropetally along the axis of the inßorescence (Þg.
2.6). Pistillate ßowers develop near the basal portion of the in-
ßorescence, and staminate ßowers develop on the terminal
portion. At this stage of development, the primordia of the in-
termediate zone are not as clearly outlined as those of the other
two zones (Þg. 2.6). The ßoral primordia of the female zone
cover approximately one-third of the inßorescence at this very
early stage (Þg. 2.6). Once all the ßoral primordia have been
initiated, the different types of ßower are all approximately the
same size and form a regular lattice on the surface of the inßo-
rescence (Þg. 2.7). At this point, there is no discontinuity in the
phyllotactic pattern of the ßowers across the different zones of
the inßorescence. Pistillate ßowers, sterile male ßowers, ABFs,
and staminate ßowers are inserted on the same parastichies (Þg.
2.7, long arrows). However, when the ßoral organs expand, the
ßowers of the male and sterile zone lose their regular arrange-
ment, and the recognition of symmetrical patterns becomes less
evident. The ßowers of the sterile zone also appear to be more
interspersed (Þg. 2.8).

Stamen primordia are initiated simultaneously on the periph-
ery of more or less circular ßoral primordia (Þg. 3.9). There is an
average of 4.5 (6 0.5 SD) stamens (range 4Ð5) per ßower (Þgs.
3.10, 3.11). During later stages of development, the ßoral pri-
mordia come in contact with each other, and the size of the sta-
mens increases to the point that they will eventually occupy all
the available space between ßowers (Þg. 3.11).

On the apical portion of the inßorescence, the male ßowers
lose their typical symmetrical organization, and the boundary
between ßowers becomes fuzzy (Þgs. 3.12, 3.13). In this par-

1014 INTERNATIONAL JOURNAL OF PLANT SCIENCES



ticular zone, individual ßowers are unrecognizable. Some ßowers
belonging to the same parastichies or different parastichies
amalgamate to form irregular sets of stamens that appear to
develop more or less normally.

During early stages of development, female ßoral primordia
have a hemispherical shape (Þg. 4.14). The carpel primordia are
initiated on the periphery of the ßoral primordia. During later
stages of development, the entire ovary wall of typical ßowers is
formed by the concrescence of the walls of adjacent carpels (Þg.
4.15). There is an average number of 4.6 (6 0.8 SD) carpels (range
3Ð6) per ßower. The small holes that are visible on the periph-
ery of ßoral primordia during later stages of development rep-
resent the upper portion of the stylar canals (Þgs. 4.16, 4.17).
Even though the carpels are concrescent, individual stylar canals
are found in the mature ovary up to a level directly below the
stigma (Þg. 4.16, centrally located holes). A stigmatic sur-
face with papillae develops when the ovary is nearly mature
(Þg. 4.17).

The sterile male ßowers and ABFs form a transition zone
between typical male and female ßowers. During early stages
of development, the primordia of sterile male ßowers and ABFs
have approximately the same shape as the primordia of sta-
minate ßowers (Þg. 4.18). However, during later stages of de-
velopment, they appear more globular due to the absence of
distinctive thecae (Þg. 4.19).

The staminodes of sterile male ßowers are initiated on the
periphery of the ßoral primordium (Þg. 4.18). Although the
ßoral organs of the sterile male ßowers and ABFs are initiated
later than those of the pistillate ßowers, their relative rate of
growth is faster than that of the other types of ßowers. Conse-
quently, sterile male ßowers and ABFs are larger than female
ßowers at maturity mainly due to the expansion of the stami-
nodes (Þgs. 4.20, 4.21).

ABFs form a more or less continuous single row on the in-
ßorescence and are located directly below the sterile male
ßowers (Þgs. 4.19, 4.20). The ßoral organs are initiated on the
periphery of a discoid ßoral primordium, and their nature,
number, and form vary considerably. There is an average of
4.2 (6 0.6 SD) ßoral appendixes (range 3Ð5) per ßower. The
types of ßoral organs produced on bisexual ßowers depend on
their proximity to the other ßoral zones. The female organs of
ABFs tend to be initiated on the side of the ßower adjacent to
the female zone, and the male organs are initiated on the side
of the ßower closer to the sterile male ßoral zone (Þg. 4.19;
Þgs. 5.22, 5.23). In our samples, the number of carpels in
ABFs ranged from one (Þg. 5.25, ßowerB) to four (Þg. 5.22)
and the number of staminodes from one to three (Þg. 5.25,
ßower A). Even though ßoral appendages are easily identiÞ-
able with speciÞc ßowers during early stages of development,
it becomes difÞcult to determine which staminodes belong to

Fig. 1 Mature inßorescence and ßowers ofPhilodendron ornatum. Fig. 1.1, General view of mature inßorescence partially enclosed by a
spathe. Scale bar! 3 cm. Fig. 1.2, Top view of mature stamens. Arrows indicate stomatal pores. Scale bar! 300 mm. Fig. 1.3, Top view of inter-
mediate zone on mature inßorescence.S! staminodes. Scale bar! 750 mm. Fig. 1.4, Top view of mature female ßowers. Arrows indicate stigmatic
surface. Scale bar! 300 mm.
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which ßowers during later stages of development (Þgs. 4.20,
4.21).

The staminodes and carpels on ABFs are inserted on a single
whorl in a ring formation (Þgs. 5.22Ð5.24). In many ABFs,
there is an incomplete separation between staminodes and car-
pels. Figure 5.24 shows ABFs where staminodes are united to

the gynoecium by a portion of the ovary wall (ßowersB, C).
However, it is difÞcult to determine whether the aberrant struc-
tures correspond to an open carpel or a staminode. For exam-
ple, ßower C in Þgure 5.24 consists of two closed carpels on
the lower portion of the ßower and two aberrant structures
corresponding to open carpels on the upper portion. From a

Fig. 2 Early stages of development of inßorescences ofPhilodendron ornatum. Scale bars! 300 mm. Fig. 2.5, Side view of young inßorescence
before the initiation of ßowers. Fig. 2.6, Side view of young inßorescence showing the initiation of ßoral primordia in a latticelike pattern. Fig. 2.7,
Composite view of inßorescence after all ßoral primordia have been initiated. Short arrow indicates the location of bisexual ßowers; long arrows
indicate parastichies. Fig. 2.8, Side view of central portion of a young inßorescence showing a visible transition from female ßowers to male
ßowers. Arrow indicates the location of bisexual ßowers.MZ ! male zone;FZ ! female zone;IZ ! intermediate zone.
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morphological point of view, however, these aberrant structures
could also be interpreted as staminodial primordia that are in-
completely separated from adjacent carpels or as intermediate
structures between carpels and staminodes. These morphologi-
cal observations provide strong evidence that staminodes and
carpels are inserted on the same whorl in ABFs.

Discussion

Morphogenetic Phases

The development of the inßorescence ofPhilodendron orna-
tum can be divided into two morphogenetic phases: (i) before
(Þgs. 2.5, 2.6) and (ii) after (Þgs. 2.7, 2.8) the initiation of the
ßoral organs. Before the initiation of ßoral organs, the ratio be-
tween the width and the length of the inßorescence is higher
than after their initiation. This is in accordance with what has
been observed in other species ofPhilodendron (Barabe« et al.
2000) and in genera with bisexual ßowers, such asSymplocar-
pus(Barabe«1995) and Anthurium (Barabe«and Lacroix 2008).

The Þrst phase corresponds to the establishment of the phyl-
lotactic pattern and the second phase to the differentiation of

ßoral organs (Þg. 6). In Philodendron, the mechanisms re-
sponsible for the emergence of ßoral primordia at a given po-
sition on the inßorescence are believed to be different from
those that regulate the nature of the ßoral organs that will be
formed (Barabe«et al. 2000). Given the speciÞc developmental
morphology characterizing each phase, we can further hypoth-
esize that the biochemical and molecular processes involved
in these two distinct phases are not the same.

In P. ornatum, the initiation and development of the ßoral
primordia occur when the inßorescence has grown to; 3%Ð
4% of its full length. At this stage, the phyllotactic pattern is
already in place, and the initial phyllotactic organization has
been neither obscured nor transformed by local morphoge-
netic processes. The more or less simultaneous appearance of
ßoral primordia and their organization on the surface of the
spadix is similar to the biophysical model involving the for-
mation of bumps on a constrained sheet (Green et al. 1998).
The upper portion of the inßorescence contains a zone where
primordia appear in clusters instead of as clearly identiÞable
ßowers (Þgs. 3.12, 3.13). This pattern is comparable to the phyl-
lotactic organization obtained in simulations of physical buck-
ling on a heating plate (Þgs. 3, 5 in Green et al. 1998). The size

Fig. 3 Development of male ßowers ofPhilodendron ornatum. Fig. 3.9, Early stage of initiation of male ßowers. Scale bar! 75 mm. Fig. 3.10,
Male ßowers (M) with four or Þve stamen primordia. Scale bar! 75 mm. Fig. 3.11, Male ßower with Þve nearly mature stamens (asterisks). Scale
bar ! 150 mm. Fig. 3.12, Tip of inßorescence showing irregular aggregations of male ßowers. Scale bar! 75 mm. Fig. 3.13, Tip of inßorescence
showing disorganized pattern of ßowers in comparison with latticelike pattern at lower level. Scale bar! 75 mm.
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Fig. 4 Development of female ßowers ofPhilodendron ornatum. Fig. 4.14, Early stage of initiation of female ßowers. Scale bar! 300 mm. Fig.
4.15, Young female ßowers (F) with four, Þve, or six carpels. Scale bar! 75 mm. Fig. 4.16, Early stage of development of the stigmatic surface
(arrows). Scale bar! 150 mm. Fig. 4.17, Nearly mature female ßowers with visible stigmatic surfaces. Scale bar! 300 mm. Fig. 4.18, Early stage
of initiation of ßoral primordia in the intermediate zone of the inßorescence. Arrows indicate staminodes. Scale bar! 75 mm. Fig. 4.19,
Intermediate zone of ßowers with distinguishable staminodes (arrow) and carpels (asterisk). Scale bar! 150 mm. Fig. 4.20, Intermediate zone at a
later stage of development than Þg. 4.19, showing the tight packing of staminodes (S) and female ßowers (F). Scale bar! 150 mm. Fig. 4.21,
Nearly mature ßowers in the intermediate zone where staminodes (S) can no longer be associated with a speciÞc ßower (F). Scale bar! 150 mm.



and shape of ßoral primordia, which are genetically determined,
may constitute the initial conditions of the system, whereas the
propagation of the phyllotactic pattern on the surface of the in-
ßorescence depends on the physical variables involved in the dy-
namics of the system.

The second phase of the development of the inßorescence is
characterized by the formation and maturation of different
types of ßowers (Þg. 6). The pattern of ßoral development on the
inßorescence ofP. ornatum is comparable to that of previously
described species ofPhilodendron (Barabe«et al. 2004), particu-
larly Philodendron fragrantissimum (Barabe« et al. 2000) and
Philodendron melinonii (Barabe«and Lacroix 2000).

The development of ABFs inP. ornatum also follows what
has been observed in other species: there is a homeotic transfor-
mation of carpels into staminodes on the same whorl (Barabe«
et al. 2004). The existence of sterile stamens (staminodes) and
carpels on the same whorl on single ßowers ofPhilodendron in-
dicates that the identity of organs that will be formed is inde-
pendent of the ßoral whorl on which they arise. This is in
accordance with the idea (Coen and Meyerowitz 1991) that ßo-
ral organ identity is whorl independent and does not depend
of the sex of its neighbors. These observations concur with the

boundary analysis used by Bossinger and Smyth (1996) to study
the mode of initiation of ßoral organs in Arabidopsis. In the
case ofP. ornatum, as in other species ofPhilodendron, the na-
ture of the ßoral organs that will be formed depends on their
position along the axis of the inßorescence (Þg. 6).

The average total number of appendages on ABFs may in
some cases exceed that of appendages on sterile male ßowers,
but it is never greater than the number of carpels on female
ßowers. Additionally, the number of staminodes on ABFs is
always lower than the number of staminodes on sterile male
ßowers. In ABFs, it appears that the potential to form carpels
is greater than that to form staminodes. This seems to indi-
cate that the number of appendages on ABFs is inßuenced
to a greater extent by female ßowers than by male sterile ßow-
ers. The number of appendages in female ßowers may conse-
quently impose a constraint on the maximum total number of
appendages (carpels or staminodes) that can develop on ABFs.
In previous studies, it was concluded that ABFs represent mod-
iÞed female ßowers (Barabe« and Lacroix 2001; Barabe« et al.
2004). This could explain why the number of appendages on
ABFs never exceeds that of female ßowers. The number of
appendages on ABFs would therefore depend on the ÔÔfemale

Fig. 5 Morphological diversity of bisexual ßowers in the intermediate zone of the inßorescence ofPhilodendron ornatum. Scale bars! 75 mm.
Fig. 5.22, Examples of bisexual ßowers (asterisks) with four carpels and one staminode. Fig. 5.23, Bisexual ßowers.A, Three carpels and one
staminode (asterisk).B, Two carpels and two staminodes (asterisks). Fig. 5.24, Examples of bisexual ßowers.A, Three carpels and one staminode.
B, One carpel and two staminodes.C, Two open carpels and two closed carpels. Arrows point to bridge of tissue between staminode and
gynoecium. Fig. 5.25, Bisexual ßowers.A, Three carpels and one staminode.B, One carpel surrounded by three staminodes (asterisks).
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natureÕÕ of the abnormal ßowers while the type of appendages
(carpels or staminodes) that form on the ßoral primordia would
depend on their position on the inßorescence.

In the general context of the basic triadic system (Salthe
1985), the relationships between hierarchical levels in the devel-
opmental morphology of ABFs ofP. ornatum can be interpreted
in terms of lower- and upper-level constraints. The central ques-
tion is how do the border conditions imposed by the stable
morphological female and sterile male zones inßuence the mor-
phology of ABFs in this transition zone?

The lower hierarchical level representing the initiation con-
ditions would involve the biochemical (diffusing substances)
or genetical processes governing the nature of ßoral organ
parts that will be formed. Since the ABFs are modiÞed female
ßowers (Barabe« and Lacroix 2001), this could indicate that
the signal governing the differentiation of ßowers moves from
the base to the top of the inßorescence. The upper hierarchical
level, which refers to the boundary conditions that canalize
the maximum number of ßoral organs in ABF, would deter-
mine the maximum number of carpels developing in female
ßowers. The characteristics of female ßowers therefore set the
boundary conditions for the types of ßowers that can develop
in the zone of ABFs.

Morphogenetic Gradient

In P. ornatum, the pathway of ßoral differentiation (male
or female) could depend on the concentration of hormones
acting more or less simultaneously at a particular point along
the inßorescence (Barabe«et al. 2000). In dioecious plants, we

know that it is possible to induce the formation of female
ßowers by using hormonal treatment on plants that normally
produce male ßowers (Dellaporta and Calderon-Urrea 1993;
Greyson 1994; Juarez and Banks 1998). For example, the
concentration of gibberellic acid (GA) has an effect on the
regulation of the development of staminate ßowers of maize
(Bortiri and Hake 2007). Verglat and Sawhney (1997) ex-
pressed the idea that there could be a cytokinin gradient sup-
pressing the expression of certain genes in the peduncle of
the inßorescence ofArabidopsis (FMI genes). It is plausible
to think that cytokinin and GA, two hormones that are differ-
entially expressed in stamen and ovary development in maize
(Bommineni and Greyson 1990a, 1990b; Greyson et al. 1994),
could also be involved in the determination of the sex of ßow-
ers along the inßorescence ofPhilodendron.

The main challenge is to make a link between the hypothe-
sis of a morphogenetic gradient and the morphological diver-
sity observed in ABFs. Because the ßowers that develop in
the zone of ABFs may be experiencing the inßuence of both
female ßowers and sterile male ßowers, we can hypothesize
that the row of ABFs is located at the threshold of transition
between two or more substances that cause a ßuctuation in
the number and nature of appendages.

The presence of ABFs may be due to a misinterpretation of
the message (chemical or genetic) that induces the develop-
ment of a particular type of organ on a ßoral primordium (Þg.
6). However, the presence of staminodes and carpels on the
same whorl indicates that the nature of the organ that will be
formed depends on its position in the zone of transition in-
stead of its position on individual ßowers.

Fig. 6 Schematic representation of the two morphogenetic phases in the development of the inßorescence ofPhilodendron ornatum. A, Before
the initiation of ßoral organs. B, After initiation of ßoral organs.
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Although the mode of transmission of the positional infor-
mation remains unknown, the cells involved in the formation
of ßoral organs could interpret the message received differently
depending on their interactions with neighboring cells. The
model of Furusawa and Kaneko (2003) has characteristics that
could potentially be useful to interpret the developmental mor-
phology of P. ornatum in terms of positional information. These
authors have developed a theoretical model to explain how po-
sitional information based on chemical concentrations can lead
to the differentiation of cells. The differentiation of cells is
spatially regulated by the concentration of chemicals in the me-
dium, while the concentrations are locally inßuenced by intra-
cellular interactions. This model (see Þg. 6a in Furasawa and
Kaneko 2003), based on the diffusion of chemical substances,
shows that the boundary between two types of cells is not sharp.
This is due to the fact that cells interpret positional information
differently depending on their status and their interactions with
surrounding cells. In this type of model, the concentration of a
chemical substance can be viewed as corresponding to the in-
tensity of activity of a particular set of genes. Therefore, the de-
velopment of each type of ßower in P. ornatum is probably
dependent on patterns of gene expression that are linked to the

concentration of particular hormones. Ultimately, there is no in-
compatibility between this model and developmental genetics.

Conclusion

In Philodendron ornatum, the development of ßoral primordia
on the surface of the inßorescence represents a global phenom-
enon, and sex determination represents a local phenomenon.
Given that the presence of a morphogenetic gradient is now
well documented in the inßorescence ofPhilodendron, we still
need to determine whether it is associated with a physiological
or a molecular gradient and how positional information is
communicated to cells involved in the formation of ßoral pri-
mordia.
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