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Summary. Fusion between floral organs or their parts is believed to have played key roles in the origin and subsequent 
diversification of angiosperms. Two types of fusion can be recognized: postgenital and congenital. Postgenital fusion 
is readily observable during flower development: primary morphological surfaces of contacting structures meet and 
join during this process. After perfect postgenital fusion, no trace of the original epidermal layers can be recognized, 
but these remain visible, often in modified form, after imperfect postgenital fusion. Congenital fusion cannot be di-
rectly observed and takes place due to differential growth. In the case of complete congenital fusion, free parts of fused 
organs cannot be seen at any developmental stages. Incomplete congenital fusion implies the presence of free organ 
parts on the common (united) base; it can be divided into early and late congenital fusion depending on whether the 
common base precedes or follows the initiation of free parts during development. Phenomena related to congenital 
fusion are the development of free organs from common primordia, hybridization of developmental pathways, loss of 
organ individuality, heterotopies and fasciation. Differences between congenital and postgenital fusion are much more 
unequivocal than those between the presence and absence of fusion. There is no abrupt boundary between imperfect 
postgenital fusion and transient contact between organs during development. Structures assumed to be congenitally 
fused clearly develop as a unit, but it is necessary to demonstrate that these structures indeed belong to different 
merged organs (instead of being parts of the same organ or two distinct organs on a common base). This only can be 
done in the framework of comparative morphology. Analyses of both types of fusion involve arbitrary decisions, so 
it is not appropriate to discard the existence of any type. Conventional interpretations of morphological concepts lie 
at the base of analyses of character evolution, even if they are performed using maximum parsimony or model based 
methods and molecular phylogenetic data. Patterns of organ fusion are discussed here using three case studies.

Keywords: androecium, angiosperms, Apiales, Araliaceae, calyx, Chloranthaceae, congenital fusion, corolla, gynoe-
cium, Hedyosmum, monocots, postgenital fusion, septal nectaries.

INTRODUCTION

The fusion between floral organs or their parts played 
key roles in the origin and subsequent diversification of an-
giosperms (Endress 1990, 2001a, 2006). Indeed, the appear-
ance of fully closed carpels was a major event of angiosperm 
origin; fusion between carpels is characteristic for many core 
eudicots and nearly all monocots; sympetalous corolla is a 
key morphological character of asterids; formation of vari-
ous types of androecium tubes (in Leguminosae and Aster-
aceae) and gynostemium (in Orchidaceae) characterizes the 

most species-rich and ecologically important angiosperm 
lineages. Despite extensive research in flower morphology 
since the XIX Century, our knowledge of the diversity and 
taxonomic distribution of fusions among angiosperms is still 
incomplete. For example, the most important recent study 
of angiosperm floral evolution (Sauquet et al. 2017) used 
only the presence/absence of fusions as observed in anthetic 
flowers, not taking into account differences between types 
of organ fusion due to the scarcity of developmental data 
for so many species, genera and sometimes even families of 
flowering plants. Apparently, a global analysis of the evolu-
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tion of fusion events in angiosperm flowers requires further 
explorations of underlying developmental processes and/or 
refinement of taxon sampling (Sauquet and Magallón 2018), 
but this task is complicated by the problem of interpretation 
of empirical data. There are contrasting views on the inter-
pretation and use of observed data on fusion events in plants. 
For example, one of the most influential and widely used 
classifications of angiosperm gynoecia (Leinfellner 1950; see 
also Weberling 1989; Endress 1994) ignores the differences 
between free and postgenitally united carpels while defin-
ing the term syncarpy, whereas at the same time postgenital 
fusion is frequently viewed as the only recognizable type of 
organ fusion in plants (e.g., Sattler 1973). One possible way 
to avoid problems in interpreting types of organ fusion is 
elimination of the term ‘fusion’ from the terminology (e.g., 
Leins and Erbar 2010), but we believe that this way does not 
simplify analysis of floral evolution.

Verbeke (1992) provided a highly stimulating review on 
fusion events during floral development and Endress (2006) 
further outlined the problem. We supplement these accounts 
to broaden the discussion on morphological aspects of organ 
fusion in angiosperm flowers. We explore the diversity of 
the two major types of organ fusion and provide three case 
studies related to the general issues discussed here. These 
case studies are based on members of three major groups of 
flowering plants, namely eudicots, monocots and basal an-
giosperms. The choice of these particular examples is, how-
ever, rather arbitrary and comes from our personal interests 
and scientific experience. 

POSTGENITAL FUSION

The occurrence of fusion is unquestionable when dif-
ferent organs or parts of the same organ are clearly distinct 
from each other in the beginning of development, but later 
their surfaces touch each other, adjacent cuticles disappear, 
cells of contacting epidermal layers dedifferentiate and some-
times (not always!) undergo extensive divisions, and the ini-
tially distinct surfaces merge. This process was considered as 
postgenital fusion (Baum 1948a,b; Boeke 1971; Barabé and 
Vieth 1979; Verbeke 1992), or sometimes as ontogenetic fu-
sion (Boke 1948) or surface fusion (Sattler 1977). It can take 
place early or late in flower development, sometimes being 
completed after anthesis.

The most common and well-known case of postgenital 
fusion in angiosperm flowers is closure of individual carpels 
or the entire gynoecium to form a closed ovary locule. The 
simplest situation is the postgenital fusion of margins in a 
carpel with a pronounced plicate zone (Baum 1948a; Endress 
2015). The plicate zone is horseshoe-shaped in cross sec-
tion early in development. The process of postgenital closure 
of its margins leads to formation of a so-called ventral slit. 
Pronouncedly ascidiate carpels lacking a plicate zone de-
velop as sac-like (ring-like in cross section) structures with 

an opening at the top. This opening may close postgenitally, 
but remains open and filled by mucilage in some members 
of the basal grade of angiosperms (Endress and Igersheim 
2000; Endress 2001b, 2015). It is thus concluded that the ab-
sence of fusion of carpel margins is an ancestral condition in 
angiosperms, with independent gains of complete postgeni-
tal closure of carpels in the basal angiosperm family Nym-
phaeaceae and mesangiosperms (Endress and Doyle 2009). 
In pronouncedly ascidiate (this interpretation is not always 
clear, see Igersheim and Endress 1998) carpels of Nymphae-
aceae, the distal opening is strongly elongate in radial plane 
at early developmental stages. This elongate shape is con-
ditioned by the presence of numerous congenitally united 
carpels forming a whorl. The distal opening in carpels of 
Nymphaeaceae closes postgenitally forming a structure su-
perficially resembling (or homologous to?) a ventral slit in 
plicate zone of other angiosperms (Igersheim and Endress 
1998). Developmentally, the processes of postgenital closure 
are rather similar in ascidiate carpels of water lilies and in 
the ventral slits of the carpels of most other angiosperms. 
Postgenital fusion between the carpels of the same flower is 
known in many monocots and in a few groups of eudicots 
(Baum 1948b; Endress et al. 1983; Verbeke 1992; Remizowa 
et al. 2006b, 2010b; Endress 2010). 

Postgenital fusions are well documented in angiosperm 
androecia. For example, anther tube formation in Asteraceae 
belongs to this type. Postgenital fusion between distal parts 
of stamens and carpels leads to the formation of a so-called 
gynostegium, a structure which is highly important in the 
pollination biology of Apocynaceae (Endress 1994).

Postgenital fusions are apparently less common in peri-
anth than in androecium and gynoecium (Verbeke 1992). 
The classical example is fusion between distal parts of keel 
petals in papilionoid Leguminosae. Other examples are the 
formation of corolla tubes in some members of the so-called 
COM-clade (APG IV) of rosids (Matthews and Endress 2002, 
2005, 2011). Weberling (1989) provided a review of eudicots 
with corolla tubes formed by postgenital fusion. The roles 
of postgenital fusion in the corolla development of Aralia-
ceae are described in a case study below. Like in the case of 
syncarpy, it is suggested to use the term sympetaly only for 
corolla tubes formed by congenital fusion (e.g., Endress and 
Matthews 2012).

Postgenital fusions involving non-floral structures are 
rather rare. For example, in a species of Salicornia (Cheno-
podiaceae), postgenital fusion between the perianth tube and 
inflorescence axis is documented (Beer et al. 2010). 

The degree of postgenital fusion varies among taxa and 
organs fused (Baum 1948a,b; Verbeke 1992; Endress and Ig-
ersheim 2000). It is therefore useful to distinguish perfect 
and imperfect postgenital fusion, even though the differences 
between them are qualitative rather than quantitative. 

After perfect postgenital fusion, no trace of the original 
epidermal layers can be recognized. Formation of new plas-
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modesmata between cells of contacting epidermal layers is 
documented in the model system of perfect postgenital fu-
sion, Catharanthus roseus (Apocynaceae, van der Schoot et 
al. 1995). The process of perfect postgenital fusion provides 
examples of apparently the fastest changes of cellular fate 
reported for any eukaryotic system in vivo (Verbeke 1992). 
In the gynoecium of Catharanthus roseus, some fusing cells 
completely dedifferentiate within 4.3 hours of cell contact, 
and by 8.9 hours virtually all of the cells have undergone a 
dramatic change in cell shape and cytological features (Ver-
beke and Walker 1985).

In the case of imperfect postgenital fusion, the cells 
derived from the two adjacent epidermal layers can be ana-
tomically identified during all stages of the process. Changes 
occurring in the contacting surfaces can be of various types, 
which are specific for certain taxa and organs. As outlined 
by Endress (2006), postgenital coherence can be realized at 
different structural levels: (1) at the infracellular level, either 
by secretion (e.g., in the symplicate zone of the gynoecium of 
some Lamiales, Hartl 1956) or by interdigitation of cuticular 
projections (see examples from Araliaceae in our case study 
below); (2) at the cellular level by interdigitation of epidermal 
cells (e.g., tepals of Proteaceae, Endress 2006), by hairs or 
papillae (e.g., El Ottra et al. 2013; sometimes, papillae grow 
between each other in a manner resembling plectenchyma, 
Hartl 1956; Webereling 1989); or (3) at the supracellular level 
by hooking the organs together. Closure of the corolla by 
multicellular hairs found in some Araliaceae (see our case 
study below) is intermediate between cohesion at a cellular 
and supracellular level. 

It is difficult to draw a clear boundary between imper-
fect postgenital fusion of the units and mere appression of 
their free surfaces. For calyx, corolla and androecium tubes, 
it is tempting to use the term ‘postgenital fusion’ only for 
cases when organs or their parts join each other and remain 
united by the end of all developmental processes. For exam-
ple, when all petals of a flower unite by their margins to form 
a calyptra-like structure which abscises as a single organ at 
anthesis, it is logical to speak of postgenital fusion between 
the petals. In contrast, when petals are firmly connected in 
a flower bud, but still separate from each other at anthesis, it 
is apparently not convincing to speak of postgenital fusion 
(Nuraliev et al. 2017). Endress (2006) used a similar criterion 
discussing transient coherence between sporangiophores of 
Equisetum. On the other hand, adopting this reasoning to 
gynoecium is apparently problematic. Indeed, postgenitally 
united ventral margins of the carpels can disjoin again after 
anthesis in follicles (e.g. Illicium: Romanov et al. 2013) and 
apparently in some other fruit types. 

The criterion outlined above leads to the conclusion 
that postgenital fusion is a widespread case in ovule and 
seed development. In seed plants, integument develops as 
an outgrowth bearing a primary morphological surface. In 
most cases, the (inner) integument is tightly adjoining the 

nucellus and in bitegmic ovules, the two integuments are 
appressed to each other. In seeds, a common cuticle layer 
is often present between the derivates of the nucellus and 
the inner integument and another layer is present between 
the testa and tegmen (structures derived from the outer and 
inner integuments, respectively), but it can disappear be-
tween the testa and tegmen (e.g. in Lythraceae, Vyshenskaya 
1996). We see no reason why these structures constituting 
ovules and seeds cannot be considered (imperfectly) post-
genitally fused to each other. 

Endress (2006) highlighted that postgenital coherence 
is apparently almost restricted to angiosperms. He noted that 
there are some isolated cases in non-angiosperms but with-
out real fusion, such as transient coherence by interdigitation 
of the epidermal cells of the contiguous surfaces between 
sporangiophores of Equisetum. Ovule and seed development 
in gymnosperms merits further attention in this context. For 
example, micropyle is represented by an open canal at the 
time of pollination but apparently not so in mature seeds. It 
is especially tempting to expect the occurrence of postgeni-
tal fusion in the region of micropyle in gymnosperms with 
extensive cell divisions and growth after pollination, such as 
Ginkgo. Among ferns, we see no objection against recogniz-
ing postgenital fusion in the process of the closure of soral 
canals during sporocarp development in Marsilea and related 
genera (Johnson 1898; Goebel 1905). 

CONGENITAL FUSION

The term ‘congenital fusion’ (or ‘zonal growth’) de-
scribes structures whose fused parts initiate as already unit-
ed. In other words, the process of fusion cannot be directly 
observed in ontogeny (Verbeke 1992); instead, it is assumed 
that continuity between fused organs or their parts arose in 
the course of evolution. This is why the phenomenon is also 
called ‘phylogenetic fusion’ (e.g. Cusick 1966). The primary 
accent on phylogeny is not, however, appropriate in our view. 
Indeed, De Candolle (1827: 455) worked in the framework 
of essentialistic (not evolutionary) morphology when he 
changed the term ‘corolla monopetala’ (e.g. Rivinus 1690) 
to ‘corolla gamopetala’ (i.e., with united petals) for what we 
currently call sympetaly. 

In each particular case, a judgement about the presence 
of congenital fusion is based on our interpretation of mor-
phological data rather than on our observation of a juncture 
between individual floral parts. A conclusion that certain 
organs in certain species are congenitally fused to each other 
can be made only by means of comparative analysis involving 
other taxa or a generalized ‘ground plan’. Inferring a ground 
plan is problematic, because this is an ideal construct, and 
what appears conventional for some scientists may not look 
plausible for others. For example, in contrast to the conven-
tional concept of leafy shoots, a ground plan proposed by 
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Zhitkov (1983) implies that each leaf whorl in a whorled 
phyllotaxy is a split cap-shaped leaf. Many authors take into 
account methodological difficulties in identification of con-
genitally fused organs and avoid interpreting this phenom-
enon as an actual fusion (e.g. Sattler 1973, 1977, 1978; Leins 
and Erbar 2010; Ronse De Craene 2018). 

Barabé and Vieth (1979) summarized the principal 
differences between views on congenital fusion adopted in 
the classical XIX Century works of Payer and Van Tieghem. 
They pointed out that there is a difference, at the theoretical 
level, between the concepts of fusion congénitale as defined 
by Payer and concrescence congénitale formulated by Van 
Tieghem. The former cannot be observed by definition, while 
the latter is observable as it is associated with detectable in-
tercalary growth. In contrast to the views of Van Tieghem, 
subsequent researchers demonstrated that intercalary growth 
of the tissue of a supporting organ is hardly distinguishable 
from that of the tissue of a joint basis of united organs (e.g., 
Bugnon 1928). Thus Sattler (1977) proposed discarding 
the concept of congenital fusion and describing processes 
of interprimordial growth instead. He recognized nine pat-
terns of interprimordial growth. Interestingly, Sattler (1977) 
recognizes interprimordial growth along with two other 
phenomena, namely surface fusion (= postgenital fusion) 
and heterotopy, which is a change of the site of primordium 
initiation. However, heterotopy is as unobservable during de-
velopment as congenital fusion, because it is detectable only 
by comparison of related taxa (Timonin 2002). This example 
shows that it is hardly ever possible to propose a terminology 
free from interpretations (Lubischew 1925). 

One of the most widely discussed questions related 
to the problem of congenital fusion is the morphological 
interpretation of the inferior ovary wall in various angio-
sperms (e.g., Eames 1931; Smith and Smith 1942; Douglas 
1944, 1957; Kaplan 1967). In a flower with inferior ovary, 
the locule(s) are located below the level of visible attach-
ment of perianth elements (sepals and petals or tepals) and/
or stamens. Much simplifying the discussion, the wall of the 
inferior ovary can be interpreted (1) as bases of perianth ele-
ments and stamens congenitally united with dorsal parts of 
carpels or (2) as a cup-shaped receptacle congenitally united 
with dorsal parts of carpels. Furthermore, (3) it is possible to 
interpret the process of inferior ovary development merely in 
terms of formation of cup-shaped receptacle resulting from 
its extensive growth at the periphery, which leads to strongly 
oblique carpel bases. The latter interpretation fits the pro-
cesses that can be directly observed in ontogeny, and it does 
not imply the occurrence of congenital fusion (e.g., Leins and 
Erbar 2010). An important question in the interpretation of 
the inferior ovary is recognizing the boundaries of the re-
ceptacle. There is no precise way of tracing these boundaries, 
but examination of the vasculature can help in certain situ-
ations. Namely, when so-called recurrent vascular bundles 
are present in the wall of the inferior ovary, its nature can be 

recognized as receptacular. The recurrent bundles (Smith 
and Smith 1942; Douglas 1957) run up to the distal part of 
the ovary wall and then curve backwards to innervate the 
ovules. It is assumed that the loop of these bundles indicates 
the concavity of the receptacle. Although the presence of 
recurrent bundles is informative for homology assessment, 
their absence is not informative and provides no support to 
the idea of the appendicular nature of the inferior ovary wall 
(hypothesis 1) (e.g., Volgin 1988). 

Similar questions have been posed about the nature of 
the hypanthium (= floral cup, floral tube), which can also be 
interpreted as congenitally united basal parts of outer floral 
elements or as a receptacle outgrowth. It is now widely ac-
cepted that the nature (homology) of a tube bearing all floral 
parts excepting the gynoecium (i.e. perianth and stamens) 
can never be determined (probably except for the case of 
the occurrence of recurrent bundles in the tube, e.g. Jackson 
1934). Particularly, it seems to be impossible to design an in-
vestigation that would be of potential help in choosing one of 
the interpretations. In other words, these hypotheses on the 
nature of the hypanthium are not falsifiable. For these rea-
sons, the terms “hypanthium” and “floral cup” are now used 
as synonyms (Leins and Erbar 2010; Ronse De Craene 2010).

Despite all the problems with demarcation between 
congenital fusion and differential growth (such that discus-
sion on the nature of the inferior ovary was even considered 
to be fruitless, Endress 1994; Ronse De Craene 2010), the 
concept of congenital fusion is useful in many situations. 
Even though we cannot precisely demonstrate the appendic-
ular nature of ab initio continuous calyx, corolla and androe-
cium tubes and syncarpous gynoecia, it is much simpler to 
operate with these structures assuming that they are products 
of congenital fusion. In fact, use of terms such as sympetaly 
and syncarpy does indirectly imply recognizing the phenom-
enon of fusion. The explicit use of the term congenital fusion 
clearly demonstrates its problematic background instead of 
masking it. 

Two primary types of congenital fusion can be recog-
nized. In the case of complete congenital fusion, no free parts 
of fused organs can be seen at any developmental stages. For 
example, carpels of Vitaceae (Gerrath and Posluszny 1989a,b) 
and a few other eudicots (Endress 2010) and monocots (e.g. 
Narthecium, Remizowa et al. 2006b) are congenitally united 
up to their tips. In Vitaceae (Gerrath and Posluszny 1989a,b), 
gynoecium starts its development as a ring-like structure 
and the common stigma is discoid in anthetic flowers; the 
bicarpellate nature of the gynoecium is clearly visible in the 
ovary where the two locules are separated by two one-sided 
septa postgenitally connected at the centre (though so-called 
false septa are well-known in some other angiosperm groups, 
Weberling 1989). 

Incomplete congenital fusion implies the presence of 
free organ parts on the common (united) base; it can be 
further divided into early and late congenital fusion. This 
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concept has been developed in extensive studies of corolla 
development in asterids, where early and late sympetaly have 
been recognized (Erbar 1991; Leins and Erbar 1997, 2010).

In the case of late congenital fusion, the free parts of the 
organs initiate first in flower ontogeny, followed by the devel-
opment of their common portion. This common portion ap-
pears through intercalary growth below the free parts. This is 
the case of late sympetaly that is common in many families of 
Lamiales and other lamiids (Leins and Erbar 1997; Erbar and 
Leins 2011). Late congenital fusion of sepals, stamens and 
carpels is present in various angiosperms. For example, the 
tube of androecium in papilionoid Leguminosae develops in 
this way, as it appears long after free parts of the stamens due 
to intercalary growth (Tucker 2003). It should be noted that 
free parts of the organs can subsequently fuse postgenitally. 
This can be seen in the examples of late congenital fusion 
between carpels in monocot gynoecia (see below). 

In the case of early congenital fusion, a common pri-
mordium of the united organs appears first. It is followed by 
their free parts arising on the common base. In eudicot taxa 
with early sympetaly (mainly in campanulids), the corolla 
is ring-like during the earliest developmental stages (gir-
dling primordium, Sattler 1973), and free parts of the petals 
appear later in development (Erbar 1991; Erbar and Leins 
1996; Leins and Erbar, 1997). Only with certain assumptions 
can the concept of early congenital fusion be viewed as in-
terprimordial growth as described by Sattler (1977). Sattler 
(1973) viewed a girdling primordium as the borderline case 
in which the ratio of primordial and interprimordial growth 
is one (but it seems that this is an interpretative description!). 

Patterns of gynoecium development apparently provide 
examples of the occurrence of early vs. late congenital fu-
sion in taxa with similar definitive structure. For example, 
the gynoecia of Chenopodiaceae and Piperaceae (except for 
Peperomia) consist of carpels congenitally united into uni-
locular ovary with one central basal ovule. Distal parts of 
these carpels are free and form individual stigmas. In both 
families, the ovule is shared by all carpels (mixomerous gy-
noecia, Sokoloff et al. 2017). In Chenopodiaceae, gynoecium 
development starts with a ring-like primordium (e.g., Sattler 
1973; Olvera et al. 2008) and free parts of the carpels appear 
later (early congenital fusion). In Piperaceae, free parts of 
the carpels appear first (late congenital fusion), at least in 
Zippelia (Liang and Tucker 1995). 

The late and early congenital fusion can co-occur in the 
development of the same structure. For example, the calyx 
tube of Coronilla (Leguminosae) is formed by early congeni-
tal fusion between two neighbouring sepals and by late con-
genital fusion in the rest of the tube. This character is phy-
logenetically important in the group of genera that includes 
Coronilla (tribe Loteae, Sokoloff et al. 2007a). In some other 
cases, the combination of late and early congenital fusion is 
unstable within a species and has no taxonomic value (as in 
calyculus development of Tofieldia coccinea, Tofieldiaceae, 

Remizowa et al. 2006a). 
Differences between early and late congenital fusion can 

be of taxonomic and evolutionary importance, but it is not 
always easy to distinguish between them. One reason is that 
the sequence of developmental events can be very rapid and 
apparently sometimes not identical in different flowers of 
the same species (e.g., Degtjareva and Sokoloff 2012). Some-
times, the petal primordia arise on the rim of a plateau, and 
the extension and connection of the petal bases coincides 
with the initiation of the stamen primordia (Erbar and Leins 
2011). Finally, the occurrence of a ring-like primordium (in 
the case of early congenital fusion) cannot be properly distin-
guished from the appearance of a concave receptacle (Ronse 
De Craene and Smets 2000; Ronse De Craene et al. 2000). 
Formation of a concave floral apex is characteristic for the 
early stages of flower development in many angiosperms 
with inferior ovary. Many campanulids (and some lamiids, 
including Rubiaceae) with early sympetaly also have an in-
ferior ovary, and it is possible that at least in some cases the 
ring-like structure observed early in development belongs to 
receptacle rather than to corolla. There is apparently no way 
of resolving this problem.

In contrast to postgenital fusion, congenital fusion is 
widespread among non-angiosperm land plants. Examples 
are perianthium of liverworts (consisting of three united 
uppermost leaves), syntelomic leaves of euphyllophytes and 
ovule integuments of seed plants, fusion between nucellus 
and integument in various gymnosperms, and seed scale of 
conifers.

PHENOMENA RELATED TO CONGENITAL 
FUSION

A common primordium is a primordium that ultimate-
ly produces more than one organ (e.g., Ronse De Craene and 
Smets 1993; Endress 1995; Kirchoff 1997; Tucker 1989; Fer-
rándiz et al. 1999; Caris et al. 2000; Remizowa et al. 2010a,b). 
This is exactly what we observe in the case of early congenital 
fusion. However, the organs developed from a common pri-
modrium not necessarily appear to be united in definitive 
flowers. For example, Erbar and Leins (1988, 1995, 1996, 
2004, 2011) reported the occurrence of a common circular 
corolla primordium (‘early sympetaly’) in some asterids hav-
ing no corolla tube recognizable at later developmental stag-
es. This question is further discussed below in the case study 
of Araliaceae. Common tepal/stamen primordia are docu-
mented in a wide range of monocots (Endress 1995), and we 
can use this example as an illustration of the phenomenon of 
common primordia. Each tepal/stamen primordium produc-
es a tepal and a stamen located on the same radius. In many 
monocots with common tepal/stamen primordia, definitive 
tepals and stamens are free. This is because after extensive 
growth of all organs the common tepal/stamen base remains 
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as small as was the common primordium and thus cannot 
be recognized anymore. The presence of a common tepal/
stamen primordium is therefore neither a necessary nor suf-
ficient condition for the appearance of congenitally united 
bases of the two organs in anthetic flower (Endress 1995).

The presence of common primordia can be variable 
within a single species (Remizowa et al. 2005). It seems that 
the presence of common primordia of inner tepals and inner 
stamens is intimately linked in monocots with delayed recep-
tacle expansion and delayed carpel initiation. In taxa with 
delayed receptacle expansion, initiation of (inner) tepals 
and stamens takes place in very rapid sequence, or almost 
simultaneously, leading to the appearance of common tepal-
stamen primordia (Remizowa et al. 2010a). The appearance 
of common petal-stamen primordia found in various eudicot 
families could be interpreted in terms of a gradual regres-
sion of the petals linked to their retardation in inception 
and slower growth (Ronse De Craene and Smets 1993). The 
delay in inception of the petal primordia is connected with 
strongly developed antepetalous (primary) stamen primordia 
and leads to the absorption of the petal primordium by the 
stamen primordium into a common primordium (Sattler 
1962, cited in Ronse De Craene and Smets 1993).

Speculations on common primordia are problematic 
because most studies consider only their visible appear-
ance during development, though actual patterning (pre-
patterning) of organ positions takes place in earlier stages. 
Remizowa et al. (2010b) attempted to explain the strongly 
homoplastic occurrence of common tepal-stamen primor-
dia in monocots, hypothesizing that pre-primordial pattern-
ing of the floral meristem in most monocots could include 
identification of sites of six tepal-stamen complexes in two 
whorls. At later stages, each site then divides into separate 
tepal and stamen sites, and the actual visibility of common 
primordia is of secondary importance. This sectorial model 
could explain both the apparent multiple homoplastic origins 
of common primordia and the occurrence of intermediate 
conditions.

There is a problem in distinguishing the occurrence of 
common primordia as a result of organ fusion from that in 
the case of organ splitting in the course of evolution (the lat-
ter case called dédoublement, reviewed by Ronse De Craene 
and Smets 1993). The concept of dédoublement is as subject 
to criticism as the concept of congenital fusion, and the rea-
sons are the same. If, for example, two stamens develop from 
a common primordium, data from comparative morphology 
are required to interpret this as evidence of splitting or fusion 
(see Ronse De Craene and Smets 1993).

Complete congenital fusion shares some features with 
a phenomenon called hybridization of developmental path-
ways, which describes a situation when an organ combines 
characteristics of two organ types, or a mosaic of two devel-
opmental programs is realized in organ development (see 
Lodkina 1983; Sattler 1988; Rutishauser and Isler 2001). 

For example, it is possible that the earliest Nymphaeaceae 
possessed small flowers with a moderate number of organs 
(like in the Early Cretaceous Monetianthus, Friis et al. 2009), 
apparently with clearly distinct stamens and perianth mem-
bers. With subsequent evolutionary increase of flower size 
(see Borsch et al. 2008; Doyle and Endress 2014) and an 
increase in organ number, some Nymphaeaceae acquired 
flowers with organs intermediate between petals and sta-
mens. These should be interpreted in terms of hybridization 
of developmental pathways of the two organ types (Meyen 
1987; see also recent studies of organ transitions in Nym-
phaea: Volkova et al. 2007; Yoo et al. 2010). In this case, 
there is no way of mistaking hybridization of developmental 
pathways with organ fusion. The following two examples 
are more problematic. (1) In angiosperms, lateral flowers 
are normally developed in the axils of flower-subtending 
bracts. In some ‘abracteate’ monocots, however, an organ 
is present that combines the positional and developmental 
characteristics of the flower-subtending bract and the outer 
median abaxial tepal (Buzgo and Endress 2000; Remizowa et 
al. 2013). The question then is whether it is a single phyllome 
developing under control of a mosaic of two developmental 
programs or two completely congenitally fused phyllomes. 
Resolving this question is especially problematic in the ab-
sence of a series of transitional forms among related taxa, as 
in Acorus, a taxonomically isolated genus appearing sister to 
all other monocots in most molecular phylogenetic analyses 
(e.g., Ross et al. 2016). (2) In Polygonaceae, flowers with 2+2, 
5 and 3+3 tepals are known (reviewed by Ronse De Craene 
and Smets 1994; Yurtseva and Choob 2005). Those with 2+2 
and 3+3 tepals possess two perianth whorls. When 5 tepals 
are present, two of them could be interpreted as belonging 
to the outer whorl, two as belonging to the inner whorl and 
the fifth as partly belonging to the outer and partly to the 
inner whorl. Sometimes, the two halves of this tepal differ in 
morphology accordingly, and two keels can be recognized. 
However, data on early flower development clearly suggest 
that this is just a single organ. No developmental evidence 
for its double origin can be found. We prefer speaking of 
hybridization of developmental pathways in this case, but 
another possible interpretation is complete congenital fusion 
of two tepals. Again, there is no possibility to discard one of 
these interpretations and prove the other. The question is fur-
ther complicated by the idea that the perianth of five tepals 
may be an ancestral condition in evolution of Polygonaceae 
(Ronse De Craene 2016). 

Loss of organ individuality. Certain loss of individuality 
occurs in any case of congenital fusion, but counting organ 
number is still usually rather straightforward, even in the 
case of complete fusion (e.g., in gynoecium of Vitaceae, see 
above). However, in examples like the unilocular gynoecium 
of Primulaceae developing as an entire sac-like structure, 
fused organs have apparently lost their individuality (En-
dress 2015). Similar ‘dissolution’ of integrating organs in a 
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new entity is well-known in the evolutionary morphology 
of animals (Beklemishev 1964).

Fasciation (e.g., White 1948; Choob and Sinyushin 
2012), if viewed as the incomplete separation of organs (or 
entire flowers), can hardly be distinguished from their con-
genital fusion (see also Sokoloff et al. 2006, 2007b and the 
case study of Araliaceae below). Another phenomenon re-
lated to congenital fusion is heterotopy (= metatopy, includ-
ing concaulescence and recaulescence, Troll 1937). This issue 
is beyond the scope of the present review.

CASE STUDY 1. PERIANTH OF ARALIACEAE 

Sympetaly is a key innovation of asterids, especially of 
euasterids (Endress 2011b). The order Apiales is of inter-
est as a relatively large euasterid clade where flowers with 
corolla tubes are extremely rare. Araliaceae, one of the larg-
est families in Apiales, shows considerable diversity of peri-
anth morphology (Figs 1-8), though typical tubular corollas 
with free petal lobes are absent from this family. The case 
of Araliaceae illustrates how different types of fusion and 
their combinations condition the ultimate appearance of the 
perianth and the whole flower. It also shows a kind of hid-
den perianth diversity, which can only be detected at certain 
developmental stages.

The calyx in Araliaceae and in its closely related fam-
ily Apiaceae is uniformly minute, often hardly discernible 
in mature flowers and never playing evident roles in the 
pollination process. In both families, the calyx is typically 
synsepalous, i.e. possesses a tube of congenitally fused sepal 
bases, and has free sepal lobes (Fig. 1). Various patterns of 
calyx reduction can be recognized. In some taxa (e.g. Hydro-
cotyle of Araliaceae, Erbar and Leins 1985; Leins and Erbar 
2004; Nicolas and Plunkett 2009; Chaerophyllum of Apiaceae, 
Erbar and Leins 1997; Nuraliev et al. 2017), total absence of 
the calyx whorl was reported: no traces of sepal primordia 
were found in developmental studies. In several species of 
Araliaceae, such as Schefflera actinophylla, S. subintegra (Fig. 
7A-C) and Tupidanthus calyptratus (Fig. 8A-D), the calyx is 
represented only by a tube without any free lobes since its 
initiation (Sokoloff et al. 2007b; Nuraliev et al. 2009, 2010, 
2011, 2014, 2017); though of course in this case it is espe-
cially difficult to demonstrate that this structure is indeed 
a calyx tube rather than margins of a concave receptacle. 
Phylogenetic context (e.g., Plunkett et al. 2005; Nuraliev et 
al. 2014) suggests interpreting the tubular calyx without free 
lobes as a result of a transition from incomplete congenital 
fusion to a complete one. In such situations, it is tempting 
to speak of complete reduction of the free parts of the fused 
organs; however, it is apparently impossible to prove (at least 
in the discussed case) whether the free parts of the fused 
organs were reduced or became completely fused up to their 
apices. We argue that in such cases it is more correct to use 

the terms describing the fusion types rather than the appear-
ance/reduction of parts of organs.

When interpreting these calyces as comprising con-
genitally fused sepals, one is expecting to outline the fused 
organs, i.e. to indicate the number of sepals in a calyx. How-
ever, it is impossible, at least according to the current state of 
our knowledge. This calyx also agrees with the situation de-
scribed above as a loss of organ individuality, which further 
complicates the evaluation of its evolutionary interpretation. 
Indeed, the calyces of the above-mentioned taxa lack any 
traits of individual sepals, even in their anatomical struc-
ture. It is possible, therefore, to speculate that the calyx of 
this morphology does not consist of sepals but represents a 
unitary structure. 

It is important to highlight that an evolutionary switch 
to the entire calyx has no obvious functional significance. 
The calyx is small and does not play any role in protection 
of the flower bud, so it is unclear why the presence of an en-
tire calyx is of a greater adaptive value than the presence of 
individual tiny sepals. It is more likely that this type of calyx 
appeared because its developmental program is simpler or 
because it is developmentally coordinated with a corolla of 
completely fused petals, and the presence of this corolla type 
possesses certain adaptive value (in the case of Tupidanthus 
and Schefflera subintegra, but not in the case of S. actino-
phylla that lacks corolla tube).

The anthetic corolla of Araliaceae shows considerable 
diversity, caused by a number of reasons including various 
patterns of petal fusion. The most common condition in this 
family is a corolla of free petals, i.e. without con- or postgeni-
tal fusion. Erbar and Leins (2004, also Leins and Erbar 2004) 
described the initiation of corolla in Araliaceae as a low ring 
primordium that does not grow up forming a tube or flat 
shoulders connecting young petals. They consequently iden-
tified Araliaceae as characterized by early sympetaly (see also 
Leins and Erbar 1997). Erbar and Leins (2004) also pointed 
out that the assumed sympetaly in Araliaceae (and in the 
same way in Pittosporaceae) appears plausible because of 
the arrangement of Apiales deep in asterid phylogeny. How-
ever, in the majority of Araliaceae, including in the images 
provided by these authors, the presence of a corolla tube is 
not obvious even at the stage of petal initiation. Apparently, 
in some Araliaceae (e.g., Hedera helix – Fig. 1 in Erbar and 
Leins 2004) there is a problem in distinguishing between a 
circular corolla primordium and the margins of a concave re-
ceptacle (as in other asterids with inferior ovary, see above). 
However, in many Araliaceae, the receptacle is flat and in our 
view the petals just initiate as distinct primordia (Fig. 1B). 
We found it groundless to state the presence of organ fusion 
based exclusively on the observations of the earliest devel-
opmental stages (Nuraliev et al. 2017, see also the discussion 
on common primordia above). 

As the calyx in Araliaceae is much shorter than the co-
rolla at most developmental stages and especially in mature 
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Fig. 1. Flower of Schefflera leucantha (Araliaceae) A–F: scanning electron microscopy (SEM), G: photo (modified from Nuraliev et al. 
2017). A: Floral primordium. B, C: Perianth initiation. D, E: Late developmental stages; note tightly connected petals (corolla artificially 
opened in E). F: Almost mature flower; note calyx tube (arrowheads); petals and stamens removed. G: Anthetic flower. pe, petal; se, 
sepal; st, stamen. (Scale bars: A–C = 30 μm, D–F = 300 μm.)
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Fig. 2. Flower of Schefflera macrophylla (Araliaceae) A, B: SEM, C, D: light microscopy (LM). A: Flower bud; note tightly connected petals. 
B: Surface of lateral petal side in the region of connection with neighboring petal. C: Cross section of pre-anthetic flower at the level 
of distal corolla part. D: Central part of a section similar to C; note the cell wall sculpture along the area of petal connection. pe, petal; 
st, stamen. (Scale bars: A = 300 μm, B = 30 μm, C = 500 μm, D = 100 μm.)

flowers, the corolla plays a main role in protecting the flower 
bud (Figs 1-8). In corollas without any fusion, the petals stay 
tightly connected in flower buds via the specialized struc-
ture of the cell walls in the epidermal areas involved in this 
contact (Fig. 1D, E, 2). This situation approaches the idea of 
imperfect postgenital fusion; however, since the petals are 
free at anthesis (Fig. 1G), we prefer not to speak of any fu-
sion in this case. There are also representatives of Araliaceae 
(e.g. Schefflera schizophylla, Figs 4-5), which possess the same 
pattern of corolla development as those with free petals, and 
even the same corolla structure in the flower bud, but show a 

different fate of petals at anthesis. In such species, the petals 
abscise at the time of flower opening and thus are absent in 
the anthetic flower (Fig. 4D, E). During and after the abscis-
sion, the petals stay tightly connected to each other (they 
only separate from each other in the proximal region). This 
results in the formation of a calyptra-like structure (not to 
be confused with the true calyptra described below). This 
structure seems to be morphologically equal to the corollas 
of choripetalous species, but the absence of petal separation 
leads us to the conclusion that this should be regarded as an 
example of imperfect postgenital fusion.

24    Biologia Serbica 40



Types of organ fusion in angiosperm flowers

Schefflera actinophylla provides an even more striking 
example of postgenital petal fusion (Fig. 6). The development 
and morphology of the corolla are again nearly equal here 
to those of species with free petals and with a calyptra-like 
structure. The differences appear at the time of flower open-
ing: there are approximately twelve petals in the flower of S. 
actinophylla, and after opening they remain united in groups 
of two or three. It is most likely that this unusual mode of 
opening is linked to the high corolla merism: the neighbour-
ing petals are inserted on close radii, almost parallel to each 
other, and the mechanical forces appearing when the petals 
turn back are not strong enough to separate them. According 
to the criterion used in the case of calyptra-like structure (see 
above), we also assume that this situation is an example of 
imperfect postgenital fusion. Here, the presence and absence 
of fusion occur in similar (radially symmetric) regions of the 
same flower, and even on different sides of the same petal. 
Moreover, at least at the level of our light microscopic ob-
servations of anatomical sections, it is impossible to predict 
where the connection between petals will remain and can be 
classified as fusion, and where the petals will separate from 
each other. 

The absence of congenital petal fusion is most likely 
a plesiomorphic condition in Araliaceae (Nuraliev et al. 
2010), but there are a few taxa in this family characterized 
by a prominent corolla tube (of congenitally united petals). 
In Osmoxylon, the sympetalous corolla is persistent during 
anthesis (at least during the male stage) and the stamens are 
exposed through its orifice (Nuraliev et al. 2010). In Schef-

flera subintegra and Tupidanthus calyptratus, which were 
shown to be sister species, the corolla morphology is more 
complex (Sokoloff et al. 2007b; Nuraliev et al. 2014, 2017). 
In all three taxa, the corolla initiates as a ring primordium 
and lacks free petal lobes or any other evidence of individual 
petals, and therefore the discussion of complete congenital 
fusion vs. loss of organ identity that was provided above for 
calyx lacking sepal lobes is fully applicable here. In contrast 
to Osmoxylon, in S. subintegra and T. calyptratus the orifice of 
corolla tube closes by means of imperfect postgenital fusion 
during flower development (Figs 7C, E, 8D). The fusion oc-
curs by the same mechanism as in Araliaceae with the petals 
fused only postgenitally, i.e. through tight contact between 
epidermal areas bearing specialized cell wall structures. Ad-
ditionally, the distal margin of the suture of postgenital clo-
sure is covered by multicellular hairs of a special type that do 
not develop anywhere else in the flower (Figs 7B-D, 8D-E). 
The combination of con- and postgenital fusion results in 
the development of massive calyptras, which abscise at the 
flower opening. The similarities in the mode of corolla clo-
sure with more typical members of Araliaceae are of special 
importance for identification of the calyptra as a modified 
corolla. Indeed, without special arguments of this sort, one 
can wonder whether the calyptra is of receptacular origin.

The combination of the congenital and postgenital fu-
sion in the corolla of some Araliaceae is of methodological 
interest with respect to character scoring in data matrices 
for analyses of character evolution. Both types of fusion are 
present here, but only congenital fusion is responsible for 

Fig. 3. Flower of Schefflera delavayi (Araliaceae; LM; A: modified from Nuraliev et al. 2011). A: Cross-section of pre-anthetic flower at 
the level of style. B: Cross section of style at a level slightly more proximal than in A; note the five areas of postgenital fusion of carpel 
ventral slits forming pollen tube transmitting tissue. pe, petal; st, stamen. (Scale bars: A = 500 μm, B = 100 μm.)
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Fig. 4. Flower of Schefflera schizophylla (Araliaceae; A–C: SEM, D,E: photo). A: Pre-anthetic flower, lateral view; petals postgenitally 
fused distally (two petals and one stamen removed). B: Distal portion of corolla contoured with yellow in A. C: Area of postgenital petal 
fusion contoured with yellow in B; note the sculpture of cell walls. D, E: Opening flower buds; note petals abscising in fused condition, 
i.e. as a pseudocalyptra. pe, petal; st, stamen. (Scale bars: A = 1 mm, B = 100 μm, C = 30 μm.)
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Fig. 5. Flower of Schefflera schizophylla (Araliaceae; A: SEM, B–D: LM; B–D modified from Nuraliev et al. 2017). A: Longitudinal section 
of distal part of corolla in pre-anthetic flower; note the area of fusion between two petals. B–D: Ascending series of cross sections of 
pre-anthetic flower. B: Section at the level of upper part of gynoecium. C: Section at the level of stigmas. D: Section at the level of petal 
apices which are bent downwards. pe, petal; st, stamen. (Scale bars: A = 100 μm, B–D = 1 mm.)

the formation of the corolla tube. Postgenital fusion is only 
responsible for the closure of the orifice of the calyptra. These 
are two different characters, and postgenital fusion should be 
considered absent while speaking of formation of the corolla 
tube. Similar roles of congenital and postgenital fusion can 
be found in the gynoecium of Araliaceae (and many other 
angiosperms, e.g. Endress 2015). The fusion between carpels 
is fully congenital, but postgenital fusion events play role in 
closing ventral slits of individual carpels (Fig. 3) and, like in 

the case of the calyptra, allow sealing of the orifice at the top 
of the gynoecium. This orifice cannot be closed by congenital 
fusion. 

The complex corolla structure is not the only unusual 
floral feature of S. subintegra and T. calyptratus: their flow-
ers are also highly polymerous, which is most likely a result 
of an increase in the number of floral elements in this clade 
(Sokoloff et al. 2007b; Nuraliev et al. 2014). This evolutionary 
event, also resembling flower fasciation, possibly affected not 
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Fig. 6. Flower of Schefflera actinophylla (Araliaceae; A, B: SEM, C: LM, D: photo; A, C modified from Nuraliev et al. 2011; B modified from 
Nuraliev et al. 2017). A: Pre-anthetic flower, top view; each petal is individually colored. B: Lateral petal surface at the area of contact 
with neighboring petal. C: Cross section at the level of petal apices which are bent downwards. D: Head with flower buds, opening 
and anthetic flowers; note the petals being postgenitally fused in groups of two or three. pe, petal; st, stamen. (Scale bars: A = 300 μm, 
B = 3 μm, C = 1 mm.)

only the number of the floral organs but also the structure 
of the organs themselves. Tupidanthus is unusual among 
Araliaceae (and most other angiosperms, see Endress 2013) 
because of the presence of a strongly folded receptacle. This 
feature allows more compact spacing of the numerous sta-
mens and carpels, forming one whorl of androecium and one 
whorl of gynoecium. The folded receptacle of Tupidanthus 
resembles structures that can be observed in fasciated flowers 
and shoots of other angiosperms. Moreover, structures that 
appear to be two fused flowers sharing the same flower base 
sometimes occur in the axil of a subtending bract in Tupi-

danthus (Sokoloff et al. 2007b). In this view, the complete 
congenital fusion in corolla can be regarded to be an effect 
of fasciation.

The overview presented above shows that the diversity 
of patterns of fusion in flowers of a particular angiosperm 
clade appears for two reasons. First, there are fusions that 
apparently possess some adaptive significance, such as post-
genital closure of true calyptras. Second, a number of cases 
that we here classify as fusions represent no more than direct 
consequences of some other (basic) evolutionary events, such 
as reduction (complete congenital fusion in calyx); change in 
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Fig. 7. Flower of Schefflera subintegra (Araliaceae; A–D: SEM, E: LM, F: photo; A–D, F modified from Nuraliev et al. 2014). A: Perianth 
development; note prominent calyx and corolla tubes without evident free lobes of sepals and petals. B: Flower at stage of closure 
of corolla tube; note hairs developing along the closing orifice. C: Flower at stage of stamen initiation. D: Special hairs covering the 
corolla suture, top view. E: Cross section of immature flower at the level of distal parts of stamens; note areas of postgenital fusion 
between the corolla folds bent downwards. F: Opening flower; note the abscising calyptra. brl, bracteole; ca, calyx; co, corolla; fsb, 
flower-subtending bract; st, stamen. (Scale bars: A, B = 100 μm, C = 200 μm, D = 10 μm, E = 2 mm.)
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Fig. 8. Flower of Tupidanthus calyptratus (Araliaceae; SEM; modified from Sokoloff et al. 2007b). A: Beginning of initiation of calyx and 
corolla tubes. B: Development of calyx and corolla tubes. C: Oblique view of flower showing corolla tube appressed to floral meristem. 
D: Flower at stage of stamen initiation; corolla partly removed. E: Part of corolla at nearly the same stage as in D viewed from inside, i.e. 
from adaxial side. F: Part of developing corolla, top view, with its suture being closed by special hairs along margin. brl, bracteole; ca, 
calyx; co, corolla; fsb, flower-subtending bract; st, stamen. (Scale bars: A, B = 150 μm, C = 100 μm, D = 400 μm, E = 200 μm, F = 100 μm.)
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the timing of abscission of the corolla (one can say that the 
petals abscise before the opening of the corolla in calyptra-
like structures and interpret this as postgenital fusion caused 
by heterochrony); and flower fasciation (possibly, congenital 
fusion in calyptrate corollas).

CASE STUDY 2. FLOWERS (?) OF HEDYOSMUM 
(CHLORANTHACEAE)

Chloranthaceae is one of the oldest extant angiosperm 
families. Data on the morphology of Chloranthaceae are 
highly important for inferring the early evolution of flow-
ers. Fossils belonging to Chloranthaceae (including beauti-
fully preserved flowers) are known from Early Cretaceous 
deposits, and members of the family were much more com-
mon and widespread on the Earth in the Cretaceous than 
they are at present (Friis et al. 1999, 2006, 2011; Eklund 
1999; Eklund et al. 2004; Doyle and Endress 2014, 2018). 
Phylogenetic placement of Chloranthaceae remains slightly 
controversial, but all current hypotheses recognize a clade 
of mesangiosperms that includes Chloranthaceae, Cerato-
phyllaceae, magnollids, monocots and eudicots (Endress and 
Doyle 2009, 2015; Ruhfel et al. 2014; Zeng et al. 2014; APG 
IV 2016; Soltis et al. 2018). Chloranthaceae share some im-
portant characters (e.g., fully ascidiate carpels) with members 
of the basal angiosperm (=ANITA) grade (Endress and Iger-
sheim 2000; Endress and Doyle 2009; Endress, 2001b, 2015). 

Hedyosmum is the largest of the four genera of Chloran-
thaceae (Endress and Doyle 2015). It includes 44 extant spe-
cies. Hedyosmum orientale grows in Southeast Asia and all 
other species are restricted to the New World. Here we out-
line reproductive morphology of H. orientale with an em-
phasis on patterns of organ fusion. The problems discussed 
here are also relevant to the American species (Endress 1971, 
1987; Doria et al. 2012). 

The male reproductive units of Hedyosmum (Figs 9C-F, 
10, 11) are catkins with numerous stamens arranged along 
the main axis. They clearly show a suite of characters related 
to pollination by wind. The male units of Hedyosmum are 
most likely inflorescences with each flower reduced up to a 
single stamen (Endress 1987). Flower-subtending bracts are 
absent at all developmental stages, at least as visible struc-
tures. Stamens are sessile and bear a green and flat apical ap-
pendage. The appendage elongates early in stamen develop-
ment, much before full elongation of the anther. The append-
ages of all stamens are tightly spaced and act as protecting 
organs in preanthetic catkins. As suggested by Endress and 
Doyle (2015) and Doyle and Endress (2018), it is possible 
that the floral subtending bract has not completely disap-
peared but is amalgamated with the stamen as the projecting 
apex. Should this be viewed as congenital fusion or hybrid-
ization of developmental pathways? It is difficult to provide 
plausible arguments pro and contra these hypotheses. The 

surface of the appendage is similar to that of the leaf teeth 
(including the presence of stomata), but it also resembles that 
of a tepal of the female flower. Leroy (1983) hypothesised 
that the entire multistaminate male unit is a flower homo-
logue, but this view was criticised by Endress (1987) using 
indirect, but strong arguments. 

Below the stamens, the axis of the male unit bears a 
structure called a collar. This is a group of incompletely 
congenitally united appendages surrounding the axis. Leroy 
(1983), in the framework of his ideas of the homologies of 
the male unit, suggested that the collar is homologous to the 
perianth (hypothesis 1). Endress (1987) stated that this struc-
ture apparently comes across by secondary irregular thicken-
ing and space filling of the spike axis below the lowermost 
stamens, thus functionally comparable to the space filling of 
the anthers which assume the shape of wedges (hypothesis 
2). Doria et al. (2012) suggested that this structure could 
correspond to the sheathing bases of the ultimate pair of the 
opposite bracts below the male inflorescence fused together 
(hypothesis 3). There is also a possibility that this is just one 
reduced leaf, and its appendages correspond to the teeth of 
vegetative leaves (hypothesis 4). It is clear that only hypoth-
eses 1 and 3 imply organ fusion, and resolving homologies 
of the scales forming the collar is essential for resolving the 
problem. This situation is highly characteristic of all discus-
sions on congenital fusion in plants: it is only possible to 
recognize this type of fusion in the context of correct organ 
homology assessment, which is not always an easy task. 

The collar appears very early in development of the 
male reproductive unit. It is already quite conspicuous at 
the earliest stages of stamen development (Fig. 10D-F). Thus 
it cannot be called a secondary structure at least with respect 
of the timing of its initiation, and it is unlikely that physical 
pressures in the developing male unit are responsible for its 
appearance. These data support the phyllomic nature of the 
collar (as in hypotheses 1, 3, 4). At the earliest available stage, 
the collar was found forming a continuous low belt around 
the apex of the male unit; no stamens were present at this 
stage (Fig. 10C). This would allow recognizing early congeni-
tal fusion between the appendages (if we can demonstrate 
that organ fusion takes place here). The belt seen in Fig. 10C 
is however so low that here (and in other similar situations 
in different taxa with proposed early congenital fusion) one 
may question its real continuity. 

The collar appendages clearly form one whorl during 
the observed early stages (Figs 10D-F, 11A). They are usually 
larger on one side of the male unit early in development (Fig. 
10D-F), though these differences are no longer recognizable 
on subsequent stages (Fig. 11A-E). These data best fit the idea 
that the collar is formed by just one phyllome (hypothesis 4). 

The number of the appendages (or lobes of the collar) 
tends to be greater in the observed late developmental stag-
es. At least one of our images (Fig. 11B) apparently shows 
early stages of development of additional appendages out-
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Fig. 9. Morphology of Hedyosmum orientale (Chloranthaceae). Photographs taken in nature (Vietnam, Kon Tum prov., Kon Plong distr., 
Mang Canh municipality) by M.S. Nuraliev. Plants from this population are used for our developmental investigations. A: Female 
flowers at anthesis with white stigmas. B: Vegetative leaf margin with glandular teeth. C: Male reproductive unit. D: Basal portion 
of male reproductive unit, note the presence of the collar below the stamens. E: Stamen. F. Basal portion of male unit, image at 90° 
relative to D, note the oblique nature of the collar. Arrowheads, collar.
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Fig. 10. Early stages of development of male reproductive units (inflorescences?) of Hedyosmum orientale (Chloranthaceae, SEM). A, 
B: Stages before collar and stamen initiation. C: Collar just initiated as a low belt. D: Early stage of collar development, note ab initio 
united collar appendages and very young stamens. E: Male unit with collar more developed than in D but stamens yet almost absent. 
F: Lower stamens well initiated but much smaller than the collar appendages. col, collar appendage; pr, prophyll of the axis of the 
male unit (a next order unit will develop in its axil); sb, subtending bract of the male unit; st, stamen (= reduced male flower?). (Scale 
bars: A–F = 100 μm.)

side the initial whorl. That these additional appendages do 
not belong to the initial whorl is also clear during the later 
stages (Fig. 11C). Sometimes organs intermediate between 
stamens and collar appendages can be seen below typical 
stamens (top part of Fig. 11D). These observations do not 
fit hypotheses 3 and 4. They may support the idea that each 
appendage is an individual phyllome (hypothesis 1), though 
it is highly unusual for angiosperm perianth to have a cen-
trifugal pattern of initiation (but it is sometimes present in 
the so-called epicalyx, Ronse De Craene and Smets 1996). 
The late initiation of the outermost appendages could be seen 

as evidence of their non-phyllomic nature (hypothesis 2), 
but their phyllomic nature is supported by strong micro-
structural similarities between the tips of the stamens and 
the collar appendages. 

By the time of anthesis, the collar is obliquely inserted 
on the axis of the male catkin. The obliquity appears because 
the intercalary elongation rates of the axis are unequal on dif-
ferent sides. At anthesis, the lowermost stamens are attached 
below the level of attachment of the collar appendages on 
the opposite side of the catkin axis (Fig. 9F). The one-sided 
distortion of the initial whorl of the collar appendages some-
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Fig. 11. Late stages of development of male reproductive units (inflorescences?) of Hedyosmum orientale (Chloranthaceae, SEM). A–C: 
Side views of preanthetic male units (C is older than A and B). D: Preanthetic male unit older than in C cut transversally to show the 
lowermost stamens and the inner side of the collar. Note the united bases of the collar appendages. E: Collar of anthetic male unit 
with much elongated axis. Only one (the lowermost) stamen is visible. Note that the collar is obliquely inserted on the axis of the male 
unit. Collar appendages are basally united. F: Detail of side view of male unit at the same stage as in D with some stamens removed. 
G: Anthetic stamen, side view. as, abnormal bilobed structure with one lobe resembling a collar appendage and another resembling 
a sterile stamen; ax, main axis of the male unit; col, collar; sa, stamen appendage; st, stamen (= reduced male flower?); arrowheads, 
collar appendages situated outside the primary whorl. (Scale bars: A–G = 200 μm.)
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times breaks the continuity of the shallow sheathing base of 
the collar (not shown). This is apparently a secondary phe-
nomenon that cannot be used for inferring morphological 
boundaries between organs.

Summarizing, the homologies of the collar remain un-
resolved, and because hypothesis 4 remains one possible in-
terpretation, it is unclear whether we can speak of congenital 
fusion between the collar appendages. 

The female flower of Hedyosmum (Figs 9A, 12, 13) has a 
unilocular ovary with one pendent orthotropous ovule and a 
shortly stalked papillose stigma. There are three appendages 
at the top of the ovary interpreted as three tepals, a tripartite 
tepal, staminodes, bract homologues or mere outgrowths of 
the gynoecium (see Swamy 1953; Burger 1977; Leroy 1983; 
Endress 1987; Yamazaki 1992; Zhang et al. 2011). Most re-
cent studies describe them as tepals (Endress and Doyle 
2009, 2015; Doria et al. 2012; Doyle and Endress 2014). We 
consider this interpretation plausible, though it is difficult to 
provide any strong evidence in favour of it, probably except 
for the apparent presence of the perianth in Canrightia, an 
Early Cretaceous fossil related to Chloranthaceae (Friis and 
Pedersen 2011; Doyle and Endress 2014; Kvaček et al. 2016). 
Our data show that epidermal characters of the proposed 
tepal tips are similar to those of the stamen appendages, col-
lar appendages and leaf teeth, but this is not conclusive. The 
development of the proposed perianth in the female flowers 
of Hedyosmum does not rely on B homeotic function (the 
collar of male flowers is not examined!), but this fact does 
not allow for rejection of tepal homologies (Liu et al. 2013).

The apparent presence of the tepals (which is unique 
in Chloranthaceae) indicates that the ovary is inferior in 
Hedyosmum. The ovary wall is triangular in cross-section 
with the angles of this triange alternating with the tepals. 
Each outer face of the ovary has a peculiar structure called 
a window (Endress 1971, 1987; Doyle and Endress 2014). 
The same windows are already present in Early Cretaceous 
fossils related to Hedyosmum (Eklund et al. 2004). The win-
dows are depressions at the outer surface of the wall of the 
inferior ovary. Their shape is complex, as the entrance to 
a window is relatively narrow, but the cavity immediately 
becomes much wider (Fig. 13B-D). In cross-sections, we 
can see that the outer part of the tissue is attached to the 
main body of the ovary only through extremely narrow lines 
along the three ribs of the flower (Fig. 13C, E-G). Thus – in 
some sense – it is tempting to describe this as a kind of organ 
fusion. However, no organ fusion can be recognized here. 
Indeed, the free parts of the tepals are located on the radii 
of the windows, not the ribs (Fig. 13I), and the structures 
attached to the ovary through the narrow lines definitely 
cannot be identified as tepals. Some authors (among them 
recently Doria et al. 2012) suggested that the windows de-
velop through schizogeny, i.e., disintegration of the primary 
morphological surface. This interpretation is not supported 
by earlier (Endress 1971, 1987; Doyle and Endress 2014) and 

our developmental data, and in fact does not fit the illustra-
tions provided by Doria et al. (2012). 

The (free parts of the) tepals are attached to a massive 
tube above the level of the ovary (Figs. 12I, 13A, E). The 
opening of this tube is so narrow (Fig. 13A) that it is eas-
ily overlooked in the anthetic flower. Is this a perianth tube 
(of congenitally united tepals) or a concave receptacle? This 
is a difficult question with respect to all tubular structures 
found in angiosperms. In the case of Hedyosmum, the rim 
forming the very narrow distal opening of the tube develops 
due to differential tissue growth that is rather similar to the 
growth forming the windows of the inferior ovary wall. In 
both cases, a laminar outgrowth is formed from a very nar-
row base that covers the surface of the ovary (Fig. 13C, E). 
Thus, if we interpret the wall of the inferior ovary as recep-
tacular, then the tube should be probably also receptacular 
(even if the three appendages of the female flower can indeed 
be interpreted as tepals, see above). 

The stigma of Hedyosmum orientale is characteristically 
triangular in cross-section (Fig. 12I). At first glance, this can 
be viewed as an argument supporting a theory that the gy-
noecium consists of three united carpels (see Swamy 1953). 
This theory could find support in the apparent occurrence of 
syncarpy in the fossil Canrightia (Friis and Pedersen 2011). 
However, the opening of the gynoecium is situated on the 
ventral side at the base of the triangular stigma rather than 
on its apex, which is more congruent with interpretation of 
the gynoecium as unicarpellate (Endress 1971, 1987). It is 
possible that the triangular shape of the stigma appears due 
to its relatively late expansion under the physical constraints 
of the three tepals (Figs 12G-I, 13H-I).

Thus, like the male units, the female flower of Hedyo-
smum provides an example of the difficulties in homology 
assessment that are related to recognizing the presence or 
absence of any organ fusion. The total absence of postgeni-
tal fusion events in Hedyosmum and other Chloranthaceae 
(probably except the androecium of the fossil Chloranthiste-
mon endressii, Eklund et al. 1997; Doyle and Endress 2018) 
is remarkable. 

CASE STUDY 3. CONGENITAL AND POSTGENI-
TAL FUSION IN MONOCOT GYNOECIA

Most angiosperms possess gynoecia with carpels united 
to each other. In most cases, fusion between the carpels is at 
least partly congenital (syncarpy). Situations when carpels 
are postgenitally united thus merit special attention. We il-
lustrate this on the example of monocot gynoecia (Figs. 14-
17). Postgenital fusion between carpels (combined with con-
genital fusion) is found in monocots with septal (also called 
gynopleural) nectaries (Baum 1948b; Hartl and Severin 1981; 
van Heel 1988; Simpson 1993; Smets et al. 2000; Kocyan and 
Endress 2001; Rudall 2002; Remizowa et al. 2006b, 2008, 
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Fig. 12. Female flower development in Hedyosmum orientale (Chloranthaceae, SEM). A: Very young stage, top view. There is a very 
narrow depression in the centre, which is a canal of the developing gynoecium, and an almost entire peripheral ridge that might be 
interpreted as common primordium of the tree tepals (or as an edge of the concave receptacle). B, C: Slightly older stage with three 
tepals well recognizable. D: First evidence of differential growth at the surface of the inferior ovary wall. Note that the adaxial tepal 
is slightly delayed in development. E: Stage similar to D, top view, adaxial tepal removed to show the earliest evidence of stigma 
(between two other tepals and the orifice of the gynoecium). F: Further differential growth at the surface of the inferior ovary wall, 
the windows are well recognizable. G: Flower dissected to show developing stigma with the orifice of the gynoecium near its base. H: 
Side view of flower with well-developed window on the inferior ovary wall; the adaxial tepal is removed to show the stigma with the 
orifice of the gynoecium near its base. I: Top view of stigma at the stage similar to H. sg, stigma; te, tepal; tu, tubular structure above 
the ovary (perianth tube?); w, window. (Scale bars: A–I = 100 μm.)
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Fig. 13. Structure of female flower of Hedyosmum orientale (Chloranthaceae, SEM). A: Top view of flower with stigma abscised. B: 
Flower cut transversally at the level of the inferior ovary. C: Close up of B showing a narrow belt of tissue connecting the outer and 
the inner part of the inferior ovary wall. To the left and to the right of this belt (which is cut transversally here) are two windows. D: 
Side view of postanthetic flower with abscised stigma. E: Flower similar to that in D cut longitudinally. F: Side view of postanthetic 
flower with tepals removed to show the stigma and the outer part of the inferior ovary wall removed around one the three ribs. G: 
Close up of F showing a narrow belt of tissue connecting the outer and the inner part of the inferior ovary wall between two windows. 
H: Top view of anthetic flower situated in the axil of flower-subtending bract. I: Oblique top view of anthetic flower removed from 
its subtending bract. dt, tissue that will be destroyed during seed development (see Endress 1987); fsb, flower-subtending bract; ov, 
ovule; sg, stigma; te, tepal; tu, tubular structure above the ovary (perianth tube?); w, window; arrowheads, borders of the narrow belts 
of tissue connecting the outer and the inner part of the inferior ovary wall. (Scale bars: A, B, D–F, H, I = 150 μm, C, G: 30 μm.)
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2010b). This type of nectaries is only found in monocots, 
but their occurrence is highly homoplastic within the group 
(Smets et al. 2000; Rudall 2002; Rudall et al. 2003; Remizowa 
et al. 2010b; Tobe et al. 2018). Septal nectaries differentiate 
on the lateral abaxial surfaces of adjacent carpels in areas 
where intercarpellary fusion is absent. The name is refer-
ring to the fact that the nectaries often seem to be embedded 
into septa between the ovary locules. They open by wide or 
more often narrow canals on the surface of the gynoecium. 
Septa of such gynoecia form as a result of two phenomena 
(Hartl and Severin 1981; van Heel 1988; Remizowa et al. 
2008, 2010b). 

(1) The outer boundary of the nectary is formed by the 
outer wall of the ovary, without postgenital fusion (Fig. 14). 
The outer wall develops as a tubular structure that links all 
of the carpels. Growth of the outer ovary wall extends to 
the level of the openings of the septal nectaries and deter-
mines the position of these openings: the more extensive the 
growth of the ovary wall, the more distal the nectary open-
ings. Morphological interpretation of the outer ovary wall is 
problematic; it could represent either the congenitally fused 
dorsal regions of all of the carpels, or a concave receptacle 
(see van Heel 1988; Remizowa et al. 2010b). 

(2) Above the nectary (and between the nectary and 
the centre of the flower), a septum is formed by postgenital 
fusion between adjacent carpels (Fig. 14). 

As the vertical position of the nectaries along the gy-
noecium and the level of their openings differ considerably 
among monocots, the relative contribution of congenital and 
postgenital fusion between carpels varies respectively. In 
some monocots (scattered along the phylogenetic tree), the 
nectaries are located at the very base or even below the ovary 
(infralocular nectaries). In the latter case (if openings of the 
nectaries are also basal), only postgenital intercarpellary fu-
sion is present (Rudall 2002; Remizowa et al. 2006, 2010b). 

With apparently very rare exceptions, monocot gy-
noecia lacking septal nectaries develop without postgeni-
tal intercarpellary fusion. Only congenital intercarpellary 
fusion is present, or the carpels are completely free. As in 
many cases, the presence or absence of septal nectaries var-
ies within monocot clades, and the presence of postgenital 
intercarpellary fusion correlates with the presence of this 
nectary type; therefore, certain functional or developmental 
links should exist between them (Remizowa et al. 2010b). 
It appears that the evolutionary loss of septal nectaries is in 
most cases associated with a loss of congenital intercarpellary 
fusion. In rare examples, postgenital fusion between carpels 
can be retained even if the septal nectaries are lacking (Har-
perocallis, Tofieldiaceae). Here, postgenital fusion is replaced 
by congenital fusion only at the gynoecium base in the area 
where the nectaries are present in related taxa (Remizowa 
et al. 2011). This exception thus supports the general rule 
(see also Ferrari and Oriani 2017 for a similar example in 
Rapateaceae). From these observations we can conclude that 

postgenital fusion is a costly process for plants, and where 
possible plants ‘prefer’ using a simpler method of congenital 
fusion (this is also consistent with the presence of congenital 
fusion between carpels in most eudicots). Indeed, postgeni-
tal fusion apparently involves the activity of many genes as 
de-differentiation of epidermal cells takes place there. Con-
genital fusion only involves differential growth and thus may 
be ‘simpler’ in realization (though this hypothesis should be 
tested using developmental genetics). However, the question 
remains: Why is postgenital fusion required in the develop-
ment of gynoecia with septal nectaries? 

In a few monocots, such as Tofieldia (Tofieldiaceae, 
Fig. 15), infralocular nectaries unite in the centre forming 
an entire triradiate cavity between carpel bases (Rudall 2002; 
Remizowa et al. 2006). Above the level of the nectary, the 
carpels are postgenitally united. Because the carpels are free 
at the base and united further up, gynoecium of this shape 
technically cannot develop without postgenital fusion be-
tween the carpels (unless secondary disintegration of tissue 
is assumed). Therefore, in the case of Tofieldia one can speak 
of a developmental constraint that requires postgenital inter-
carpellary fusion. 

The triradiate type of septal nectary (Fig. 15) is however 
relatively rare in monocots. In most cases, the nectaries of 
the three septa do not unite in the centre of the gynoecium 
(Fig. 14). In this widespread case, no obvious constraint can 
be found. There is no clear reason why gynoecia like those 
of Metanarthecium (Nartheciaceae, Remizowa et al. 2008; 
see Fig. 14) and Dasypogon (Dasypogonaceae, Rudall and 
Conran 2012; see Figs 16-17) cannot develop exclusively by 
means of differential growth, without postgenital intercar-
pellary fusion (Remizowa et al. 2010b; see also Odintsova 
2013). The shape of the ovary wall in these plants is no more 
complex than in the example of Hedyosmum outlined above. 
Thus the nature of the apparent constraint governing the cor-
relation between the occurrence of septal nectaries and post-
genital intercarpellary fusion is unclear so far. Remizowa et 
al. (2010b) hypothesized that the early stages of epidermal 
cell differentiation are similar (i.e., share developmental pro-
grams) in the region of future postgenital fusion and future 
septal-nectary formation. There could be a common large 
region of epidermal cells that later subdivides into two re-
gions, one consisting of cells that will undergo fusion and 
the other that will differentiate into a nectary. Early in de-
velopment, cells of these two types are often similar; before 
nectar production, adjacent epidermal layers in septal nec-
taries are in close contact with each other (Remizowa et al. 
2010b). This hypothesis (which is testable using methods of 
developmental genetics) could explain why gynoecia like 
those of Metanarthecium do not develop using exclusively 
differential growth.

The example of monocot gynoecia shows that the in-
terplay of congenital fusion and postgenital fusion provides 
all of the diversity of septal nectaries, including the level of 
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Fig. 14. Diagrams of longitudinal and serial transverse sections of flower of Metanarthecium luteoviride (modified from Remizowa et 
al. 2008). cf, the area of congenital intercarpellary fusion (or this is an outgrowth of the receptacle? – van Heel 1988); cw, carpel wall; 
ol, ovary locule; sn, septal nectary (also highlighted by gray colour); st, stamen base; te, tepal base; hatched areas of the longitudinal 
section and dotted lines of transverse sections, postgenitally fused regions. Arrows indicate levels of transverse sections.

their opening, which is of clear ecological and adaptive sig-
nificance (e.g., Schmid 1985). This should be kept in mind 
during all reconstructions of character evolution. The area 
of congenital fusion can be rather small and inconspicuous, 
especially during early developmental stages, but its presence 
is of evolutionary significance. For example, early gynoecium 
development is similar in Tofieldia (Fig 15A,B) and Dasypo-
gon (Fig. 16A,B), with the carpels completely free from each 
other. In both cases, the septal nectaries are located at the 
very base of the gynoecium, but in Dasypogon, in contrast 
to Tofieldia, an extremely short zone of congenital fusion 
appears at relatively late stages of development (Fig. 17A-
C). Its presence is important because the ovules are attached 
at this level (Fig. 17E,F). In attempting to trace the evolu-
tion of the presence of congenital fusion between carpels, 
i.e., what accurately should be called syncarpy (Leinfellner 
1950; Endress 2011), Dasypogon should be scored as having 
a syncarpous gynoecium and Tofieldia as having an apocar-
pous gynoecium, at least if only two character states are used. 

This is significant for resolving the controversial issues of the 
evolution of syncarpy in Arecaceae (Rudall et al. 2011), as 
Dasypogonaceae is likely a sister group of palms. 

Comparison between Tofieldia and Dasypogon raises the 
question of whether we should indeed identify a constraint 
against congenital intercarpellary fusion in Tofieldia due to 
the presence of a triradiate infralocular nectary. It is possible 
that the opposite way of reasoning is more plausible: that 
the presence of postgenital fusion between carpels (which 
for some reason is associated with septal nectary formation) 
creates a possibility for the development of triradiate nectary.

CONCLUSIONS

There are tw o major types of organ fusion (postgenital 
and congenital). Differences between congenital and post-
genital fusion are much more unequivocal than those be-
tween the presence and absence of fusion. There is no abrupt 
boundary between imperfect postgenital fusion and transient 
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Fig. 15. Gynoecium of Tofieldia (Tofieldiaceae). A–E: Flower development of Tofieldia calyculata (SEM). A: Flower with carpels just 
initiated. B: Young free carpels. C: Side view of preanthetic gynoecium. D, E: Young carpels are appressed to each other by their margins, 
but their actual postgenital fusion takes place on even later stages. F–H: Ascending serial transverse sections of gynoecium of Tofieldia 
coccinea (LM, modified from Remizowa et al. 2010c). F: Flower base with triradiate septal (gynopleural) nectary. G: Postgenitally united 
sterile ascidiate zones of the carpels. H: Postgenitally united fertile plicate zones of the carpels. c, carpel; ov, ovule; st, stamen; te, tepal. 
(Scale bars: A, B, D, E: 100 μm, C: 1 mm, F–H: 200 μm.)
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Fig. 16. Early gynoecium development of Dasypogon sp. (Dasypogonaceae, SEM). A: Flower with carpels just initiated. B: Further 
growth of the carpels. C: Top view of gynoecium with postgenitally fused carpels. D: Gynoecium slightly younger than in C with one 
carpel removed. Note that the carpels are not fused at the base. Septal nectaries will form here. E: Preparation similar to D at a later 
developmental stage. F: Detail of E showing the area where the carpels are not united. c, carpel; fu, area of postgenital fusion between 
carpels; is, inner whorl stamen; nf, area where the adjacent carpels are not fused (a septal nectary will form here); os, outer whorl 
stamen. (Scale bars: A–F = 50 μm.)

contact between organs during development. Structures as-
sumed to be congenitally fused clearly develop as a unit, but 
it is necessary to demonstrate that these structures indeed 
belong to different organs merged together (instead of being 
parts of the same organ or two distinct organs on a common 
base). This can only be done in the framework of compara-
tive morphology. Analyses of both types of fusion involve 
arbitrary decisions. 

The deeper we look into the patterns of organ fusion, 
the more we realize that delimitation of these as well as of 
many other morphological characters is a matter of conven-
tion. Careful explication and unification of these conven-
tions is a crucial condition of the correct use of characters in 
evolutionary analyses. Whatever type of analysis we perform 
(e.g., maximum parsimony or model based), the primary 
source is a data set with character states attributed to termi-
nal groups. It is impossible to score characters in one termi-

nal group without explicit or inexplicit use of comparative 
(and interpretative) morphology (e.g., Sokoloff et al. 2018). 

Despite all of the problems with demarcation between 
congenital fusion and differential growth, we believe that the 
former concept is useful in many situations. Moreover, we 
believe that explicit use of the term congenital fusion clearly 
demonstrates its problematic background instead of obscur-
ing it.

Analyses of evolution of postgenital and congenital fu-
sion come close to the problem of functional and develop-
mental constraints. What are (if any) the adaptive aspects 
or constraints governing the occurrence of postgenital or 
congenital fusions? There are two types of structures that 
for geometrical reasons cannot develop without postgeni-
tal fusion events unless schizogeny (disintegration of the 
primary morphological surface) is involved. (1) The entire 
structure located on more than one stalk (e.g., anther tube of 
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Fig.17. Late gynoecium development and anatomy of Dasypogon. A–C, Gynoecium development (SEM). A: Side view of gynoecium 
with carpels united congenitally at their very bases and postgenitally for the rest of their length. B: Basal part of gynoecium older 
that in A with opening of septal nectary. Above the opening, the carpels are postgenitally united. C: Gynoecium that is much older 
than in B (inset shows the entire gynoecium of B at the same magnification). D: Cross section of style with perfect postgenital fusion 
between carpels. E: Dissected unilocular part of the ovary with ovules (one basally attached ovule in each carpel). F–H: Diagrams of an 
ascending series of transversal sections of gynoecium (original drawings based on photographs in Rudall and Conran 2012). F: Flower 
base with congenitally united carpels and septal nectaries. The ovules are attached at this level. G, H: Unilocular part of the ovary 
with postgenitally united carpels. c, carpel; fc, flower centre where all carpels are congenitally united; ob, ovule bundle; op, opening 
of septal nectary; nu, nucellus; ov, ovule; arrowhead, upper border of congenital fusion between carpels; colours on diagrams: black, 
vascular bundles; gray, epidermal tissue of septal nectaries; dashed line, place of postgenital fusion. (Scale bars: A, B, D = 50 μm; C, E 
= 500 μm.)
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Asteraceae attached to free stamen filaments, keel in papil-
ionoid flower attached to two free petal claws, gynostegium 
of Asclepiadaceae, monocot gynoecia with triradiate septal 
nectaries). (2) A closed structure with internal cavity (spo-
rocarps of heterosporous ferns, calyptras of different sorts, 
angiosperm ovary, some fertilized seed plant ovules). How-
ever, postgenital fusions are also found in situations where 
there is no geometrical constraint for development using 
differential growth, and the reasons are largely unknown. 
Recognizing and interpreting the evolutionary constraints 
related to the occurrence of congenital and postgenital fusion 
is an important direction of further research. 

Acknowledgements

DS and MR are grateful to Paula Rudall for many 
discussions on gynoecium evolution in monocots. DS is 
grateful to Terry Macfarlane and Constantin Fomichev for 
help in collecting material of Dasypogon in Western Aus-
tralia; a scientific collecting licence and permission to ac-
cess reserve land were provided to DS by the Department 
of Parks and Wildlife, Western Australia. MN is grateful 
to Andrey Kuznetsov and Svetlana Kuznetsova for help in 
collecting Hedyosmum in Vietnam. The study of the types 
of fusion is supported by President of Russia grant № MD-
1200.2005.4, and Russian Foundation for Basic Research (03-
04-48427), Government order for the Lomonosov Moscow 
State University (projects No. AAAA-A16-116021660045-2, 
АААА-А16-116021660105-3), the University of Johannes-
burg and institutional research project (0126-2014-0007) of 
the Komarov Botanical Institute. The study of Hedyosmum 
is supported by RFBR grant 18-04-00797. We are grateful to 
G.N. Davidovich and all the staff of the Department of Elec-
tron Microscopy at the Biological Faculty of Moscow Uni-
versity for their assistance and for providing SEM facilities. 
Authors would like to thank to the Organizing Committee of 
the 7th Balkan Botanical Congress for their kind invitation to 
present this work, and to Dr Edward Petri for the language 
review of the manuscript.

REFERENCES

APG IV. 2016. An update of the Angiosperm Phylogeny Group classifica-
tion for the orders and families of flowering plants: APG IV. Botanical 
Journal of the Linnean Society. 181:1–20.

Baum H. 1948a. Uber die postgenitale Verwachsung in Karpellen. Öster-
reichische Botanische Zeitschrift. 95:86–94.

Baum H. 1948b. Postgenitale Verwachsung in und zwischen Karpell- und 
Staubblattkreisen. Sitzungsberichte, Osterreichische Akademie 
der Wissenschaften. Mathematischnaturwissenschaftliche Klasse. 
Abteilung 1. Biologie, Mineralogie, Erdkunde und verwandte Wis-
senschaften. 157:2–38.

Beklemishev VN. 1964. Fundamentals of comparative anatomy of inver-
tebrates. Vol. 1. Promorphology. Moscow: Nauka. 

Beer SS, Beer AS, Sokoloff DD. 2010. Flower and inflorescence devel-
opment in Salicornia (Chenopodiaceae). Feddes Repertorium. 
121:229–247.

Boeke JH. 1971. Location of the postgenital fusion in the gynoecium 
of Capsella bursa-pastoris (L.) Med. Acta Botanica Neerlandica. 
20(6):570–576.

Boke NH. 1948. Development of the perianth in Vinca rosea L. American 
Journal of Botany. 35(7):413–423.

Borsch T, Löhne C, Wiersema J. 2008. Phylogeny and evolutionary pat-
terns in Nymphaeales: integrating genes, genomes and morphol-
ogy. Taxon 57(4):1052–1081.

Burger WC. 1977. The Piperales and the monocots: alternate hypoth-
eses for the origin of monocotyledonous flowers. Botanical Review. 
43:345–393.

Buzgo M, Endress PK. 2000 Floral structure and development of Ac-
oraceae and its systematic relationships with basal angiosperms. 
International Journal of Plant Sciences. 161:23–41.

Caris P, Ronse De Craene LP, Smets E, Clinckemaillie D. 2000. Floral de-
velopment of three Maesa species, with special emphasis on the 
position of the genus within Primulales. Annals of Botany. 86:87–97.

Choob VV, Sinyushin AA. 2012. Flower and shoot fasciation: from phe-
nomenology to the construction of models of apical meristem 
transformations. Russian Journal of Plant physiology. 59(4):530–545.

Cusick F. 1966. On phylogenetic and ontogenetic fusions. In: Cutter EG, 
editor. Trends in plant morphogenesis. New York: Wiley. p. 170–183. 

De Candolle AP. 1827. Organographie végétale. T. 1. Paris: Deterville.
Degtjareva GV, Sokoloff DD. 2012. Inflorescence morphology and flower 

development in Pinguicula alpina and P. vulgaris (Lentibulariaceae: 
Lamiales): monosymmetric flowers are always lateral and occurrence 
of early sympetaly. Organisms, Diversity and Evolution. 12:99–111.

Doria MG, Pabón-Mora N, González F. 2012. Reassessing inflorescence 
and floral morphology and development in Hedyosmum (Chlor-
anthaceae). International Journal of Plant Sciences. 173:735–750.

Douglas GE. 1944. The inferior ovary. Botanical Review. 10(3):125–186.
Douglas GE. 1957. The inferior ovary. II. Botanical Review. 23(1):1–46.
Doyle JA, Endress PK. 2014. Integrating Early Cretaceous fossils into the 

phylogeny of living angiosperms: ANITA lines and relatives of Chlo-
ranthaceae. International Journal of Plant Sciences 175:555–600.

Doyle JA, Endress PK. 2018. Phylogenetic analyses of Cretaceous fossils 
related to Chloranthaceae and their evolutionary implications. Bo-
tanical Review 18(2): 156–202.

Eames A. 1931. The vascular anatomy of the flower with refutation of 
the theory of carpel polymorphism. American Journal of Botany. 
18:147–188.

Eklund H. 1999. Big survivors with small flowers: fossil history and evo-
lution of Laurales and Chloranthaceae. PhD Thesis, University of 
Uppsala.

Eklund H, Doyle JA, Herendeen PS. 2004. Morphological phylogenetic 
analysis of living and fossil Chloranthaceae. International Journal 
of Plant Sciences. 165:107–151.

Eklund H, Friis EM, Pedersen KR. 1997. Chloranthaceous floral structures 
from the Late Cretaceous of Sweden. Plant Systematics and Evolu-
tion. 207:13–42.

El Ottra JHL, Pirani JR, Endress PK. 2013. Fusion within and between 
whorls of floral organs in Galipeinae (Rutaceae): structural features 
and evolutionary implications. Annals of Botany. 111(5): 821–837,

Endress PK. 1971. Bau der weiblichen Blüten von Hedyosmum mexicanum 
Cordemoy (Chloranthaceae). Botanische Jahrbücher. 91:39–60.

Endress PK. 1987. The Chloranthaceae: reproductive structures and phy-
logenetic position. Botanische Jahrbücher.109:153–226.

Endress PK. 1990. Patterns of floral construction in ontogeny and phy-
logeny. Biological Journal of the Linnean Society. 39(2):153–175.

Endress PK. 1994. Diversity and evolutionary biology of tropical flowers. 
Cambridge: Cambridge University Press.

Endress PK. 1995. Major evolutionary traits of monocot flowers. In: Ru-
dall PJ, Cribb P, Cutler DF, Humphries CJ, editors. Monocotyledons: 
systematics and evolution. Kew: Royal Botanic Gardens. p. 43–79.

Endress PK. 2001a. Origins of Flower Morphology. Journal of Experimen-
tal Zoology (Molecular Development and Evolution). 291:105–115.

Endress PK. 2001b. The flowers in extant basal angiosperms and infer-

Biologia Serbica 40    43



D. D. Sokoloff et al.

ences on ancestral flowers. International Journal of Plant Sciences. 
162:1111–1140.

Endress PK. 2003. Early floral development and the nature of the ca-
lyptra in Eupomatiaceae. International Journal of Plant Sciences. 
164:489–503.

Endress PK. 2006. Angiosperm floral evolution: morphological develop-
mental framework. Advances in Botanical Research. 44:1–61.

Endress PK. 2010. Flower structure and trends of evolution in eudicots 
and their major subclades. Annals of the Missouri Botanical Garden. 
97(4):541–583.

Endress PK. 2011. Evolutionary diversification of the flowers in angio-
sperms. American Journal of Botany. 98:370–396.

Endress PK. 2013. Multicarpellate gynoecia in angiosperms: occurrence, 
development, organization and architectural constraints. Botanical 
Journal of the Linnean Society. 174(1):1–43.

Endress PK. 2015. Patterns of angiospermy development before carpel 
sealing across living angiosperms: diversity, and morphological 
and systematic aspects. Botanical Journal of the Linnean Society. 
178:556–591.

Endress PK, Doyle JA. 2009. Reconstructing the ancestral flower and its 
initial specializations. American Journal of Botany 96:22–66.

Endress PK, Igersheim A. 2000. Gynoecium structure and evolution 
in basal angiosperms. International Journal of Plant Sciences. 
161(Suppl.):S211–S223.

Endress PK, Jenny M, Fallen M. 1983. Convergent elaboration of apocar-
pous gynoecia in higher advanced dicotyledons. Nordic Journal of 
Botany. 3:293–300.

Endress PK, Matthews M. 2012. Progress and problems in the assessment 
of flower morphology in higher-level systematic. Plant Systematics 
and Evolution. 298(2):257–276.

Erbar C. 1991. Sympetaly – a systematic character? Botanische 
Jahrbücher. 112:417–451.

Erbar C, Leins P. 1988. Floral developmental studies in Aralia and Hedera 
(Araliaceae). Flora. 180:391–406.

Erbar C, Leins P. 1995. An analysis of the early floral development of 
Pittosporum tobira (Thunb.) Aiton and some remarks on the sys-
tematic position of the family Pittosporaceae. Feddes Repertorium. 
106(5–8):463–473.

Erbar C, Leins P. 1996. Distribution of the character states «early» and «late 
sympetaly» within the «sympetalae tetracyclicae» and presumably 
related groups. Botanica Acta. 109(5):427–440.

Erbar C, Leins P. 1985. Studien zur Organsequenz in Apiaceen-Blüten. 
Botanische Jahrbücher. 105:379–400.

Erbar C, Leins P. 1997. Different patterns of floral development in whorled 
flowers, exemplified by Apiaceae and Brassicaceae. International 
Journal of Plant Sciences. 158(Suppl.):S49–S64.

Erbar C, Leins P. 2004. Sympetaly in Apiales (Apiaceae, Araliaceae, Pitto-
sporaceae). South African Journal of Botany. 70(3):458–467.

Erbar C, Leins P. 2011. Synopsis of some important, non-DNA character 
states in the asterids with special reference to sympetaly. Plant Di-
versity and Evolution. 129(2):93–123.

Ferrándiz C, Navarro C, Gómez MD, Cañas LA, Betrán JP. 1999. Flower de-
velopment in Pisum sativum, from the war of the whorls to the battle 
of the common primordia. Developmental Genetics 25:280–290.

Ferrari RC, Oriani A. 2017. Floral anatomy and development of Saxofri-
dericia aculeata (Rapateaceae) and its taxonomic and phylogenetic 
significance. Plant Systematics and Evolution. 303(2):187–201.

Friis EM, Crane PR, Pedersen KR. 2011. Early flowers and angiosperm evo-
lution. Cambridge: Cambridge University Press.

Friis EM, Pedersen KR. 2011. Canrightia resinifera gen. et sp. nov., a new 
extinct angiosperm with Retimonocolpites-type pollen from the 
Early Cretaceous of Portugal: missing link in the eumagnoliid tree? 
Grana. 50:3–29.

Friis EM, Pedersen KR, Crane PR. 1999. Early angiosperm diversification: 
the diversity of pollen associated with angiosperm reproductive 
structures in Early Cretaceous floras from Portugal. Annals of Mis-
souri Botanical Garden. 86:259–296.

Friis EM, Pedersen KR, Crane PR. 2006. Cretaceous angiosperm flowers: 
innovation and evolution in plant reproduction. Palaeogeography, 
Palaeoclimatology, Palaeoecology. 232:251–293.

Friis EM, Pedersen KR, von Balthazar M, Grimm GW, Crane PR. 2009. Mone-
tianthus mirus gen. et sp. nov., a nymphaealean flower from the 
Early Cretaceous of Portugal. International Journal of Plant Sciences. 
170(8):1086–1101.

Gerrath JM, Posluszny U. 1989a. Morphological and anatomical devel-
opment in the Vitaceae. IV. Floral development in Parthenocissus 
inserta. Canadian Journal of Botany. 67:1356–1365.

Gerrath JM, Posluszny U. 1989b. Morphological and anatomical devel-
opment in the Vitaceae. V. Vegetative and floral development in 
Ampelopsis brevipedunculata. Canadian Journal of Botany. 67:2371–
2386. 

Goebel K. 1905. Organography of plants, especially of the Archegoniatae 
and Spermophyta. Part 2. Oxford: Clarendon Press. 

Hartl D. 1956. Morphologische Studien am Pistill der Scrophulariaeeen. 
Österreichische Botanische Zeitschrift. 103(2–3):185–242.

Hartl D, Severin I. 1981. Verwachsungen in Umfeld des Griffels bei Al-
lium, Cyanastrum und Heliconia und den Monocotylen allgemein. 
Beiträge zur Biologie der Pflanzen. 55:235–260.

Igersheim A, Endress PK. 1998. Gynoecium diversity and systematics of 
the paleoherbs. Botanical Journal of the Linnean Society. 127:289–
370.

Jackson G. 1934. The morphology of the flowers of Rosa and certain 
closely related genera. American Journal of Botany. 21(8):453–466.

Johnson DS. 1898. On the development of the leaf and sporocarp in Mar-
silea quadrifolia L. Annals of Botany. 12:119–146.

Kaplan DR. 1967. Floral morphology, organogenesis and interpretation 
of the inferior ovary in Downingia bacigalupii. American Journal of 
Botany. 54(10):1274–1290.

Kirchoff BK. 1997. Inflorescence and flower development in the Hedy-
chieae (Zingiberaceae): Hedychium. Canadian Journal of Botany. 
75:581–594.

Kocyan A, Endress PK. 2001. Floral structure and development and sys-
tematics of some ‘lower’ Asparagales. Plant Systematic and Evolu-
tion. 229:187–216.

Kvaček J, Doyle JA, Endress PK, Daviero-Gomez V, Gomez B, Tekleva M. 
2016. Pseudoasterophyllites cretaceus from the Cenomanian (Cre-
taceous) of the Czech Republic: A possible link between Chloran-
thaceae and Ceratophyllum. Taxon. 65(6):1345–1373.

Leinfellner W. 1950. Der Bauplan des synkarpen Gynoeceums. Österrei-
chische Botanische Zeitschrift. 97:403–436.

Leins P, Erbar C. 1997. Floral developmental studies: some old and new 
questions. International Journal of Plant Sciences. 158 (suppl.):S3–
S12.

Leins P, Erbar C. 2004. Floral organ sequences in Apiales (Apiaceae, Arali-
aceae, Pittosporaceae). South African Journal of Botany. 70(3):468–
474.

Leins P, Erbar C. 2010. Flower and Fruit. Morphology, Ontogeny, Phylog-
eny. Function and Ecology. Stuttgart: Schweizerbart.

Leroy JF. 1983. The origin of angiosperms: an unrecognized ancestral 
dicotyledon, Hedyosmum (Chloranthales), with a strobiloid flower 
is living today. Taxon. 32:169–175.

Liang H-X, Tucker SC. 1995. Floral ontogeny of Zippelia begoniaefolia and 
its familial affinity: Saururaceae or Piperaceae? American Journal of 
Botany. 82(5):681–689.

Liu S, Sun Y, Du X, Xu Q, Wu F, Meng Z. 2013. Analysis of the APETALA3- 
and PISTILLATA-like genes in Hedyosmum orientale (Chloranthaceae) 
provides insight into the evolution of the floral homeotic B-function 
in angiosperms. Annals of Botany. 112:1239–1251.

Lodkina MM. 1983. Features of morphological evolution in plants condi-
tioned by their ontogenesis. Journal of General Biology. 44:239–253.

Lubischew A. 1925. On the nature of hereditary factors (a critical study). 
Bulletin de l’Institut des researches biologiques à l’Université de 
Perm. T. 4, Suppl. 1. 

Matthews ML, Endress PK. 2005. Comparative floral structure and system-

44    Biologia Serbica 40



Types of organ fusion in angiosperm flowers

atics in Celastrales (Celastraceae, Parnassiaceae, Lepidobotryaceae). 
Botanical Journal of the Linnean Society. 149:129–194.

Matthews ML, Endress PK. 2002. Comparative floral structure and sys-
tematics in Oxalidales (Oxalidaceae, Connaraceae, Cephalotaceae, 
Brunelliaceae, Cunoniaceae, Elaeocarpaceae, Tremandraceae). Bo-
tanical Journal of the Linnean Society. 140:321–381.

Matthews ML, Endress PK. 2011. Comparative floral structure and system-
atics in Rhizophoraceae, Erythroxylaceae, and the potentially related 
Ctenolophonaceae, Linaceae, Irvingiaceae, and Caryocaraceae (Mal-
pighiales). Botanical Journal of the Linnean Society. 166:331–416.

Meyen SV. 1987. Fundamentals of paleobotany. London and New York: 
Chapman and Hall.

Nicolas AN, Plunkett GM. 2009. The demise of subfamily Hydrocotyloi-
deae (Apiaceae) and the realignment of its genera across the entire 
order Apiales. Molecular Phylogenetics and Evolution. 53(1):134–
151.

Nuraliev MS, Beer AS, Oskolski AA. 2009. Vascular anatomy of flower of 
Tupidanthus and related species of Schefflera and the origin of floral 
polymery in Araliaceae. Botanichesky Zhurnal. 94(5):1–18.

Nuraliev MS, Degtjareva GV, Sokoloff DD, Oskolski AA, Samigullin TH, 
Valiejo-Roman CM. 2014. Flower morphology and relationships 
of Schefflera subintegra (Araliaceae, Apiales): an evolutionary step 
towards extreme floral polymery. Botanical Journal of the Linnean 
Society. 175(4):553–597.

Nuraliev MS, Oskolski AA, Sokoloff DD, Remizowa MV. 2010. Flowers of 
Araliaceae: structural diversity, developmental and evolutionary 
aspects. Plant Diversity and Evolution. 128(1–2):247–268.

Nuraliev MS, Sokoloff DD, Oskolski AA. 2011. Floral anatomy of Asian 
Schefflera (Araliaceae, Apiales): Comparing variation of flower 
groundplan and vascular patterns. International Journal of Plant 
Sciences. 172(6):735–762.

Nuraliev MS, Sokoloff DD, Oskolski AA. 2017. Evolutionary floral mor-
phology of Araliaceae: a case study of the Asian Schefflera. Moscow: 
MAKS Press.

Odintsova A. 2013. Two principal models of monocots’ septal nectaries. 
Visnyk of the Lviv University. Series Biology. 61:41–50.

Olvera HF, Smets E, Vrijdaghs A. 2008. Floral and inflorescence morphol-
ogy and ontogeny in Beta vulgaris, with special emphasis on the 
ovary position. Annals of Botany. 102:643–651.

Plunkett GM, Lowry PP II, Frodin DG, Wen J. 2005. Phylogeny and ge-
ography of Schefflera: pervasive polyphyly in the largest genus of 
Araliaceae. Annals of the Missouri Botanical Garden. 92:202–224.

Remizowa MV, Rudall PJ, Choob VV, Sokoloff DD. 2013. Racemose inflo-
rescences of monocots: structural and morphogenetic interaction 
at the flower/inflorescence level. Annals of Botany. 112:1553–1566.

Remizowa MV, Sokoloff DD, Campbell LM, Stevenson DW, Rudall PJ. 
2011. Harperocallis is congeneric with Isidrogalvia (Tofieldiaceae, 
Alismatales): Evidence from comparative floral morphology. Taxon. 
60:1076–1094.

Remizowa MV, Sokoloff DD, Kondo K. 2008. Floral evolution in the mono-
cot family Nartheciaceae (Dioscoreales): evidence from anatomy 
and development in Metanarthecium luteo-viride Maxim. Botanical 
Journal of the Linnean Society. 158:1–18.

Remizowa MV, Sokoloff DD, Rudall PJ. 2006a. Patterns of floral structure 
and orientation in Japonolirion, Narthecium, and Tofieldia. Aliso. 
2006. Vol. 22. p. 159–171.

Remizowa MV, Sokoloff DD, Rudall PJ. 2006b. Evolution of the monocot 
gynoecium: evidence from comparative morphology and devel-
opment in Tofieldia, Japonolirion, Petrosavia and Narthecium. Plant 
Systematics and Evolution. 258:183–209.

Remizowa MV, Sokoloff DD, Kondo K. 2010a. Early flower and inflores-
cence development in Dioscorea tokoro Makino (Dioscoreales): 
shoot chirality, handedness of cincinni and common tepal-stamen 
primordia. Wulfenia. 17:77–97.

Remizowa MV, Sokoloff DD, Moskvicheva LA. 2005. Morphology and de-
velopment of flower and shoot system in Tofieldia pusilla (Tofieldi-
aceae). Botanichesky Zhurnal. 90:840–853.

Remizowa MV, Sokoloff DD, Rudall PJ. 2010b. Evolutionary history of 
the monocot flower. Annals of the Missouri Botanical Garden. 
97(4):617–645.

Remizowa MV, Sokoloff DD, Timonin AC, Rudall PJ. 2010c. Floral vascu-
lature in Tofieldia (Tofieldiaceae) is correlated with floral morphol-
ogy and development. In: Seberg O, Petersen G, Barfod A, Davis JI, 
editors. Diversity, phylogeny, and evolution in the monocotyledons. 
Aarhus: Aarhus University Press. p. 81–99.

Rivinus AQ. 1690. Ordo plantarum quae sunt flore irregulari monopetalo. 
Lipsiae: literis Christoph. Fleischeri.

Romanov MS, Bobrov AVFC, Endress PK. 2013. Structure of the unusual 
explosive fruits of the early diverging angiosperm Illicium (Schisan-
draceae s.l., Austrobaileyales). Botanical Journal of the Linnean So-
ciety. 171(4):640–654.

Ronse De Craene LP. 2010. Floral diagrams: an aid to understanding 
flower morphology and evolution. Cambridge: Cambridge Univer-
sity Press.

Ronse De Craene LP. 2016. Meristic changes in flowering plants: how 
flowers play with numbers. Flora. 221:22–37.

Ronse De Craene LP. 2018. Understanding the role of floral development 
in the evolution of angiosperm flowers: clarifications from a his-
torical and physico-dynamic perspective. Journal of Plant Research. 
131:367–393.

Ronse De Craene LP, Linder HP, Smets EF. 2000. The questionable relation-
ship of Montinia (Montiniaceae): evidence from a floral ontogenetic 
and anatomical study. American Journal of Botany. 87(10):1408–
1424.

Ronse De Craene LP, Smets EF. 1993. Dédoublement revisited: towards a 
renewed interpretation of the androecium of the Magnoliophytina. 
Botanical Journal of the Linnean Society. 113:103–124.

Ronse De Craene LP, Smets EF. 1994. Merosity in flowers: definition, ori-
gin, and taxonomic significance. Plant Systematics and Evolution. 
191:83–104.

Ronse Decraene LP, Smets EF. 1996. The floral development of Neurada 
procumbens L. (Neuradaceae). Acta Botanica Neerlandica. 45:229–
241.

Ronse Decraene LP, Smets EF. 2000. Floral Development of Galopina 
tomentosa with a discussion of sympetaly and placentation in the 
Rubiaceae. Systematics and Geography of Plants. 70(1):155–170.

Ross TG, Barrett CF, Soto Gomez M, Lam VKY, Henriquez CL, Les DH, Davis 
JI, Cuenca A, Petersen G, Seberg O, Thadeo M, Givnish TJ, Conran J, 
Stevenson DW, Graham SW. 2016. Plastid phylogenomics and mo-
lecular evolution of Alismatales. Cladistics. 32(2):160–178.

Rudall PJ. 2002. Homologies of inferior ovaries and septal nectaries in 
monocotyledons. International Journal of Plant Sciences. 163:261–
276.

Rudall PJ, Conran JG. 2012. Systematic placement of Dasypogonaceae 
among commelinid monocots: evidence from flowers and fruits. 
Botanical Review. 78(4):398–415.

Rudall PJ, Manning JC, Goldblatt P. 2003. Evolution of floral nectaries in 
Iridaceae. Annals of the Missouri Botanical Gardens. 90:613–631.

Rudall PJ, Ryder RA, Baker WJ. 2011. Comparative gynoecium structure 
and multiple origins of apocarpy in coryphoid palms (Arecaceae). 
International Journal of Plant Sciences. 172(5):674–690.

Ruhfel BR, Gitzendanner MA, Soltis PS, Soltis DE, Burleigh JG. 2014. From 
algae to angiosperms–inferring the phylogeny of green plants (Vir-
idiplantae) from 360 plastid genomes. BMC Evolutionary Biology. 
14(1):23.

Rutishauser R, Isler B. 2001. Developmental genetics and morphological 
evolution of flowering plants, especially bladderworts (Utricularia): 
fuzzy Arberian morphology complements classical morphology. 
Annals of Botany. 88:1173–1202.

Sattler R. 1988. Homeosis in plants. American Journal of Botany. 75:1606–
1617.

Sauquet H, von Balthazar M, Magallón S, Doyle JA, Endress PK, Bailes EJ, 
Barroso de Morais E, Bull-Hereñu K, Carrive L, Chartier M et al. 2017. 
The ancestral flower of angiosperms and its early diversification. 

Biologia Serbica 40    45



D. D. Sokoloff et al.

Nature Communications. 8:16047.
Sauquet H, Magallón S. 2018. Key questions and challenges in angio-

sperm macroevolution. New Phytologist. 219(4):1170–1187.
Sattler R. 1973. Organogenesis of flowers. A photographic text-atlas. 

Toronto: University of Toronto Press.
Sattler R. 1977. Kronrohrenentstebung bei Solanum dulcamara L. und 

„kongenitale Verwachsung“. Berichte der Deutschen Botanischen 
Gesellschaft. 90:29–38.

Sattler R. 1978. „Fusion“ and „continuity“ in floral morphology. Notes from 
the Royal Botanic Garden Edinburgh. 36(2):397–405.

Schmid R. 1985. Functional interpretations of the morphology and anat-
omy of septal nectaries. Acta Botanica Neerlandica. 34:125–128.

Simpson MG. 1993. Septal nectary anatomy and phylogeny of Haemo-
doraceae. Systematic Botany. 18:593–613.

Smets EF, Ronse Decraene LP, Caris P, Rudall PJ. 2000. Floral nectaries in 
monocotyledons: Distribution and evolution. In: Wilson KL, Morri-
son DA, editors. Monocots: Systematics and Evolution. Melbourne: 
CSIRO. p. 230–240.

Smith FH, Smith EC. 1942. Anatomy of the inferior ovary of Darbya. Ameri-
can Journal of Botany. 29(6):464–471.

Sokoloff DD, Degtjareva GV, Endress PK, Remizowa MV, Samigullin TH, 
Valiejo-Roman CM. 2007a. Inflorescence and early flower develop-
ment in Loteae (Leguminosae) in a phylogenetic and taxonomic 
context. International Journal of Plant Sciences. 168:801–833.

Sokoloff DD, Nuraliev MS, Oskolski AA, Remizowa MV. 2017. Gynoe-
cium evolution in angiosperms: monomery, pseudomonomery, 
and mixomery. Moscow University Biological Sciences Bulletin. 
72(3):97–108.

Sokoloff DD, Oskolski AA, Remizowa MV, Nuraliev MS. 2007b. Flower 
structure and development in Tupidanthus calyptratus (Araliaceae): 
an extreme case of polymery among asterids. Plant Systematics and 
Evolution. 268(1–4):209–234.

Sokoloff DD, Remizowa MV, Bateman RM, Rudall PJ. 2018. Was the ances-
tral angiosperm flower whorled throughout? American Journal of 
Botany. 105(1):5–15.

Sokoloff DD, Remizowa MV, Rudall PJ. 2013. Is syncarpy an ancestral con-
dition in monocots and core eudicots? In: Wilkin P, Mayo SJ, editors. 
Early events in monocot evolution. Cambridge: Cambridge Univer-
sity Press. p. 60–81.

Sokoloff DD, Rudall PJ, Remizowa MV. 2006. Flower-like terminal struc-
tures in racemose inflorescences: a tool in morphogenetic and evo-
lutionary research. Journal of Experimental Botany. 57:3517–3530.

Soltis D, Soltis P, Endress P, Chase MW, Manchester S, Judd W, Majure L, 
Mavrodiev E. 2018. Phylogeny and evolution of the Angiosperms: 
revised and updated edition. Chicago: University of Chicago Press.

Swamy BGL. 1953. The morphology and relationships of the Chloran-
thaceae. Journal of Arnold Arboretum. 34:375–408.

Timonin AC. 2002. Sattler’s dynamic morphology: an acme or a reverie? 
Wulfenia. 9:9–18.

Tobe H, Huang YL,·Kadokawa T, Tamura MN. 2018. Floral structure and 
development in Nartheciaceae (Dioscoreales), with special reference 
to ovary position and septal nectaries. Journal of Plant Research. 
131:411–428.

Troll W. 1937. Verglechende Morphologie der höheren Pflanzen. Bd 1. 
Berlin: Borntraeger. 

Tucker SC. 1989. Overlapping organ initiation and common primordia in 
flowers of Pisum sativum (Leguminosae: Papilionoideae). American 
Journal of Botany. 76:714–729.

Tucker SC. 2003. Floral development in legumes. Plant Physiology. 
131:911–926.

van der Schoot C, Dietrich MA, Storms M, Verbeke JA, Lucas WJ. 1995. Es-
tablishment of a cell-to-cell communication pathway between sepa-
rate carpels during gynoecium development. Planta. 195:450–455.

van Heel WA. 1988. On the development of some gynoecia with septal 
nectaries. Blumea. 33:477–504.

Verbeke JA. 1992. Fusion events during floral morphogenesis. Annual 
Review of Plant Physiology and Plant Molecular Biology. 43(1):583–
598.

Verbeke JA, Walker DB. 1985. Rate of induced cellular dedifferentiation in 
Catharanthus roseus. American Journal of Botany. 72(8):1314–1317.

Volgin SA. 1988. Evolution of the vascular system of the flower with 
inferior ovary of axial nature in Cactaceae. Feddes Repertorium. 
99(7–8):237–247.

Volkova PA, Choob VV, Shipunov AB. 2007. The flower organ transition in 
water lily (Nymphaea alba s.l., Nymphaeaceae) under cross-exam-
ination with different morphological approaches. Belgian Journal 
of Botany. 140(1):60–72.

Vyshenskaya TD. 1996. Lythraceae. In: Takhtajan A, editor. Anatomia sem-
inum comparativa. T. 5. Dicotyledones. Rosidae I. St.Petersburg: Mir 
i Semya. p. 221–230.

Weberling F. 1989. Morphology of flowers and inflorescences. Cambridge: 
Cambridge University Press.

White OE. 1948. Fasciation. Botanical Review. 14(6): 319–358.
Yamazaki T. 1992. Floral morphology of Hedyosmum orientale Merr. et 

Chun (Chloranthaceae) and phylogenetic significance of its peri-
anth. Journal of Japanese Botany. 67:257–269.

Yoo M-J, Soltis PS, Soltis DE. 2010. Expression of floral MADS‐Box genes in 
two divergent water lilies: Nymphaeales and Nelumbo. International 
Journal of Plant Sciences. 171(2): 121–146.

Yurtseva OV, Choob VV. 2005. Types of flower structure and pathways of 
their morphological transformations in Polygonaceae: preliminary 
data for the model of flower development. Bulletin of Moscow So-
ciety of Naturalists. Biological Series. 110(6):27–39.

Zeng L, Zhang Q, Sun R, Kong H, Zhang N, Ma H. 2014. Resolution of deep 
angiosperm phylogeny using conserved nuclear genes and esti-
mates of early divergence times. Nature Communications. 5:4956.

Zhang Q, Antonelli A, Feild TS, Kong HZ. 2011. Revisiting taxonomy, mor-
phological evolution, and fossil calibration strategies in Chloran-
thaceae. Journal of Systematics and Evolution. 49:315–329.

Zhitkov VS. 1983. Size of leaf base as a criterion of classification of the 
forms of phyllotaxis and of metamerism pattern of the shoot of 
flowering plants. Journal of General Biology. 44(6):802–822.

46    Biologia Serbica 40




