Acta Bot. Neerl. 24 (5-6), October-December 1975, p. 437-457.
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SUMMARY

The manifest relationships between Salicaceae and Flacourtiaceae form the basis of deduc-
tions concerning the floral morphology of the Violales (Cistales, Cistiflorae, etc.). The func-
tional reproductive units (conventional flowers) of the Flacourtiaceae, and by inference of at
least some other dilleniid families, are frequently anthoidal in nature. This implies that the
Dilleniidae cannot possibly be descendants of a magnolioid progenitorial taxon with holan-
thocormous flowers. The diclinous taxa of the Violales are not secondarily derived from mo-
noclinous representatives of this order, but represent an ancestral condition retained in the
diclinous forms (and in the Salicaceae). However, a derivation of the monoclinous forms from
extant taxa with unisexual reproductive regions is not acceptable either. Both groups of taxa
originated from a common ancestral type of plant in which an original dicliny was partly
changing into an incipient ambisexuality. The Salicaceae are more primitive than the Violales
in several respects, but more specialised in other ones, particularly in the reductions of the
meromonandrial properianth members of the anthoids. The Salicaceae must be classified, as
a family in juxtaposition of the Flacourtiaceae, in the Violales, or may even be included in the
Flacourtiaceae as a tribe or subtribe. The relations between Populus and Salix are discussed
and the generally more basic position of Populus is emphasised; the consequences of the as-
sessment of their degree of phylogenetic advancement are confronted with some palynological
and anthecological data.

1. GENERALITIES

The taxonomic position of the Salicaceae in different systems of classification
has varied appreciably in the past. According to several authorities such as
Engler, Rendle, and other adherents to the Englerian principles of classification
(compare STERN 1974, THORNE 1974), there is no doubt but what this taxon be-
longs to the series of the “ Amentiferae” (“Amentiflorae”, Hamamelididae) and
ranks with Casuarinales, Juglandales, (Myricales), Betulales and Fagales. The
same idea is held by WETTSTEIN (1935) and some phanerogamists of his school,
and it was also strongly advocated by HIELMQVIST (1948). Other workers, such
as Pulle (compare the latest version of his system in LANJouw et al., 1968), and
MELCHIOR in the latest edition of Engler’s Syllabus (1964), state that the posi-
tion of the Salicaceae is uncertain. Of other suggestions concerning the system-
atic affinities of the family, the idea of a more or less close relationship with the
assembly called the Violales in some classifications (and appearing as a similar
or larger group in other classifications under the names of Cistales, Cistiflorae,
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Bixales, Parietales, Flacourtiales, etc.), more particularly with the Flacourtia-
ceae-Flacourtieae-Idesiinae, has strongly been gaining ground in the last de-
cade. This connection was first suggested by HALLIER (1910, 1912), but consider-
ed utterly absurd by GILG (1914). In the latest monographic treatment of this
family this author (GILG 1925) did not refer to a possible relationship between
the two families under discussion (this in contrast to what KEATING 1973 says
about Gilg’s views). Since about 1960 an increasing number of taxonomists ac-
cept a rather close affinity between the two families (TAKHTAJAN 1959, 1969;
CRONQUIST 1968 ; THORNE 1968; 1974; HUTCHINSON 1973; EHRENDORFER 1971;
DAHLGREN 1974). Their arguments are partly derived from a correspondence in
xylotomic characters (summarised in TAKHTAJAN 1959: p. 206-7; 1969: p.
106-7), partly on aspects of the floral morphology (HUTCHINSON), and partly on
account of an agreement in palynological features (KEATING).

Although it would seem as if there is a consensus of opinion as regards the
relationships between Salicaceae and Flacourtiaceae, certain features of the
floral morphology of the former are conventionally considered to be so derived,
or even so widely divergent from those of the other major taxa of the Cistalean-
Violalean nexus, that in nearly all recent systems of classification the willow
family is (still) treated as the only member of the separate order of the Salicales
normally placed in juxtaposition to the order (Violales, Cistales, Bixales, etc.)
to which the Flacourtiaceae are referred. In this same traditional train of
thought, the so-called “apetalous” flowers of the diclinous Salicaceae are sup-
posed to be derived from the dialypetalous and monoclinous blossoms of such
taxa as the petaliferous Flacourtiaceae. In the latest monographic treatment of
the latter family GiLG (1925) places the phaneranthous and monoclinous Onco-
beae in the “basic” position and treats the “apetalous” and functionally often
diclinous Flacourtieae as a “derived” and more or less clearly “terminal’ group.
By extending this interpretation, one would have to regard the willows and pop-
lars, if they are most closely allied to the Idesiinae, as still more advanced, be-
cause they are strictly diclinous (and almost invariably also dioecious) and
partly (Populus) supposed to be secondarily anemophilous. This consequence
of the conventional dicta concerning the basic type of angiospermous flower
must be rejected categorically (see MEEUSE 1973a, 1974a, 1974c¢, 1975a, 1975b).
As in the case of the similar (but analogous) Amentiferae (MEEUSE 1975¢), the
aphananthy and dicliny are primary. Since this aspect of the taxonomic relation-
ships of the families under discussion involves some controversial issues, it
seems worth while to seek for, even if only circumstantial, evidence, so as to
gain, if possible, a better insight into the fundamental question of which taxon
has the more primitive, and which the more advanced floral morphology.

2. RELATIONSHIPS BETWEEN SALICACEAE AND FLACOURTIACEAE:
A RECAPITULATION

By avoiding the most controversial issue, viz., the floral morphology, one may
attempt to assess the mutual affinities between the two families and their rel-



439

TAXONOMIC RELATIONSHIPS OF SALICACEAE AND FLACOURTIACEAE

Ie[n[eo
Sunwosaq 1ae]
‘esponu wradsopuy

IR
Sunworsq 1aje]
‘respnu wrsdsopug

(ipapa02a1 usaq

sey snjeredde wuojiy

® JO 30USIINID0
oy} s[qe[ieAe st

UONBWIONUI YoIym Uuo
$6C JO Ino saliuey O
Auo ur ‘9961 ‘SIAVQ
01 SuIp102oVy :"g°'N)

smpndog Jo $o103ds
JUO 1589 I8 UL
smyeredde waojitg

DLDISD)) IS8 I8 Ul
smeredde wiojy
uLroj SpISIousg

‘op

sgom

SULIOJ [[30 [eze[eyd
Y3 YyoIym JO pauLIoy
SI pe1d) Ieaul|
:sisauadosodsedsp

uonesInog
9J0J3q Isnj 1d[onu
Jejod ‘jesounydd
s[e0 repodnue ¢
fadAy wnuoddjod
Jo oes of1qud
fare[[eonuIsseld
‘orusang 10 -lun
‘snodosjeue [NAQ

uonesI[iIe)
210J3q 3snj 19[ONU
Jejod ¢jerowiydo
S[[90 Jepodnue ¢
{odA) wnuosdjoq
Jo aes of1quio
{9Je[[eONUISSRID

‘onudsq ‘snodoxneue
sAem[e jJsowrfe 9[nAQ

‘op

pays

UM d1eddNU -7
sureis uajjod
fo1esponu 4 10O -7
wmjade) Jempue|d
Jo s19o ‘rerowoyda
SJake] o[ppIwa Z 10 |
‘s3uruayoryl snoiqy

sdojaasp winiayjopug

oeaoedI[es

9e301)IN0%e[ ]

*9BI0RII[ES PUER SBIORINNOIE]] JO SI2)0BIRYD [BJIS0[0AIqWA SWOs Jo uosiredwo) I JqeL



440 A. D, J. MEEUSE

ative degree of advancement by means of other criteria. Apart from positive
indications of taxonomic relationships, some negative ones are applicable, such
as the results of a comparative phytochemical and palynological analysis of
various monochlamydeous groups in the Englerian sense. WIERMANN (1968) has
shown that the major amentiferous taxa included in this assembly by Engler and
by some other authors except the Salicaceae are phytochemically rather homo-
geneous, which strengthens the affiliation of the willow family with other groups
rather than with the Amentiferae proper. According to KEATING (1973) the pol-
len grains of Salix resemble those of some Flacourtiaceae very closely, whereas
the survey of the pollen morphology of the Monochlamydeae by NaAIr (1967),
while not explicit on this point, is quite compatible with the removal of the Sa-
licaceae from the hamamelidid assembly. These data imply, as already men-
tioned, that the Salicales are not likely to be of amentiferous affinity, but much
more probably allied to the Violales (Cistales).

A comparison of the embryological characteristics shows that there are many
points of agreement between Flacourtiaceae (and some related violalean fam-
ilies) and Salicaceae. For details the reader is referred to the compilation by
Davis (1966) and to zable I. According to Takhtajan the xylotomic characters
are clearly indicative of a phylogenetic relationship between the two taxa. Other
anatomical features (such as the type of stomatal apparatus, see, e.g., MET-
CALFE & CHALK 1950) do not point very clearly to a close affinity, but there are
no cogent negative indications either.

The phytochemical characteristics, on the other hand, are indubitably point-
ing to a close affinity of the groups under discussion. According to HEGNAUER
(1973, sub Salicaceae), the presence of complex phenol-glucosides is highly
significant, because these rather singular benzoylated compounds occur in Sa-
licaceae and in some Flacourtiaceae-Flacourtieae: both xylosmosid isolated
from Xylosma and poliothyrsoid isolated from Poliothyrsis have been shown to
be indentical with the lignane glucoside nigracin previously recorded from Po-
pulus, and idesin extracted from Idesia polycarpa is also closely related to these
compounds.

The combined evidence so consistently points to a positive association be-
tween Salicales and the Flacourtiaceae that this becomes almost a certainty and
will from now on be universally accepted as well established. However, there is
some interesting, additional information based on host-parasite relationships,
which is, moreover, relevant to the question of the relative degree of advance-
ment of the two families concerned.

3. HOST-PARASITE RELATIONSHIPS BETWEEN SALICACEAE AND
FLACOURTIACEAE, AND THEIR BEARING ON ANTHOMORPHOLOG-
ICAL INTERPRETATIONS

The relations between Salicaceae and Flacourtiaceae on the one hand, and be-
tween certain groups of parasites on the other, must have an appreciable demon-
strative force if the reciprocal association is of a rather exclusive nature (MEEU-
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SE 1973b). EHRLICH & RAVEN (1965) reported that the caterpillars of the nym-
phalid genus Atella feed either on Salicaceae or on Flacourtiaceae. The signif-
icance of this probable case of co-evolution is considerably enhanced by the
studies of HoLM (1969) on the hosts of the uredinalean genus Melampsora. The
heteroecious species of this rust fungus genus occur on members of the Pina-
ceae as the first (= aecial) host plant and usually on Salicaceae as the second
(= telial) host. For obvious reasons Holm considers them to be more prim-
itive than the autoecious species of Melampsora each living on a single species
of dicot alone. According to Holm, the association between the genus Melam-
psora and the host combination of Pinaceae and Salicaceaec must be an ancient
one. The occurrence of one, apparently heteroecious, species of Melampsora on
the flacourtiaceous genus Idesia must, therefore, be of more recent origin, and
thus becomes significant in connection with the question of the systematic and
phylogenetic position of the Flacourtiaceae in respect of the Salicaceae, and
vice versa. The only possible conclusion compatible with this evidence is that the
Salicaceae are in several respects more primitive than the bulk of the Flacour-
tiaceae, and that the Flacourtieae (of which the Idesiinae constitute a subtribe)
are more closely related to the common precursors of the two families under
discussion than to the other subfamilies of the Flacourtiaceae. The inclusion of
the Salicaceae in the Violales (or a similar assembly) is to be accepted rather
than the maintenance of a separate order of the Salicales; even the status of a
subfamily or tribe of the Flacourtiaceae may be seriously considered for the
willows and poplars.

The evidence from the host-parasite relationships implies, in addition, that
the floral morphology and the anthecological syndrome of the immediate pre-
cursors of the Flacourtiaceae corresponds with that of the aphananthous and
originally anemophilous Salicaceae and Idesiinae rather than with that of the
phaneranthous and monoclinous representatives of the family. In several papers
the present author has pointed out that the functional reproductive units of
primitive angiospermous groups were aphananthous and exhibited only an in-
cipient dicliny and zoophily in some cases (compare MEEUSE 1973a, 1975b). The
theoretical importance of an inquiry into the floral morphology of the Salica-
ceae and Flacourtiaceae on the basis of this principle thus becomes manifest.

According to GILG (1925) the family of the Flacourtiaceae is not a very well
defined one, several of the subordinate taxa recognised by him linking up with,
e.g., Malvales/Tiliales, Passifloraceae, Turneraceae, and Capparidaceae. Dr. H.
Sleumer (priv. comm.) considers the Flacourtiaceae so heterogeneous that they
do not constitute a well-defined, natural taxon. KEATING (1973) is of a different
opinion and proposed to exclude only the Paropsidae (referable to the Passi-
floraceae) and to retain, e.g., the Prockieae in the family. This slight taxonomic
controversy only emphasises the many links in the Violalean and related as-
semblies and the “‘basic™ position of the Flacourtiaceae.
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4. THE COMPARATIVE MORPHOLOGY OF THE FLORAL REGION OF THE
SALICACEAE AND THE FLACOURTIACEAE

Starting from the assumption that the Salicaceae, in spite of their specialisa-
tions (such as secondary entomophily in Salix), are rather ancient forms — and
most of the available evidence points in that direction as we have seen — one
may postulate that the morphology of the floral morphology of theirimmediate
precursors did not become altered to an appreciable extent. It is, for instance,
not very likely that any structural pattern originally present in the reproductive
region became obliterated beyond recognition. The indicative significance of the
vascular anatomy in interpretative floral morphology is still at issue, but a con-
sistent pattern occurring in a group of related taxa can hardly be dismissed as
irrelevant and immaterial: compare, e.g., MOSELEY (1967); VAN HEEL (1969);
EYDE (1971); and ScuMID (1972). Morphologists who reject the evidence from
vascular patterns often base their interpretations on developmental studies or
on teratological cases (if they at all use other than so-called “morphological”
criteria based on postulations without any factual corroboration, of reject all
anatomical evidence as inconclusive on account of adaptive evolution). All evi-
dence is permissible within bounds, but one must be well aware of the limita-
tions of each form of approach and avoid conclusions based on preconceived
ideas (such as the meaning of the occurrence of androgynous catkins in willows
to be discussed presently). It will be assumed here that vascular patterns, prov-
ided that they are consistent and recurrent, provide some good taxonomic clues.

We are rather well informed about the morphology and the vascular anatomy
of the reproductive region of the Salicaceae (FISHER 1928; HIELMQVIST 1948;
MELVILLE 1962, 1963), but the morphological interpretation of some of the
floral parts is still at issue. The first point to decide is the nature of the pistillate
and the staminate functional reproductive units (FRUs) conventionally called
the female and the male “flowers”. Fisher’s detailed account leaves very little
doubt but that they receive a vascular strand arising from the short pedicellate
base. In Populus this trunk branches just below the “disc” of the male FRU,
each branch again ramifying into a bundle entering the rim of the “disc” and to
several single strands each ending below an anther. This general pattern was
confirmed by MELVILLE (1962). The fact that the anthers of the FRU are group-
wise provided with a common vascular trunk sending off (or continuing, as the
case may be, as) a trace to a part of the shallow cup-shaped or disc-like part of
the FRU suggests that each group of anthers and the associated part of the
“disc” represent a modified (and still relatively primitive) monandron. The
whole “male flower” apparently represents the derivative of a whorl of laterally
connate monandra, in other words, it is an anthoid (MEEUSE 1975a). The female
counterpart consists of two, or rarely more, monogyna (““carpels’) and is, there-
fore, at least equivalent to a gynoclad; the cupulate or disc-shaped structure
surrounding the base of the pistil does not seem to consist of segments specific-
ally associated with a monogynon. On the basis of the assumption that the male
and the female FRUs are homotopous one might think of an equivalence of the
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cupulate organ and the male “disc”, so that the former is a manifestation of in-
cipient ambisexuality, only a sterile, but vascularised, structure developing. The
alternative would be to deny the homotopy and to accept that the “female flower”
is more complex and represents a depauperated anthocorm reduced to a single
pistil (a condition found in the not closely related Fagales: MEEUSE 1975¢), but
this is not very likely. In the manifestly more advanced genus Salix the male
FRUs are sometimes provided with a perianth-like, lobed structure almost
certainly equivalent to the “disc” of Populus. The willows provided with such a
perianth are apparently still anemophilous or facultatively anemophilous and
they must be primitive; the more advanced ones have two or more nectaries (or
only a single adaxial one) which undoubtedly represent derivatives of the pe-
rianth-like structure of the more primitive species, because there are transitional
cases (HyeLMQVIST 1948). The male FRU of Salix, therefore, must also be an
anthoid, but it differs from that of the poplars in the well-developed filaments.
The female FRUs of Salix are also comparable with those of Populus; the cup-
ulate or disc-like structure enveloping the base of the pistil in the latter genus is
usually replaced by one to several nectarial organs.

A number of teratological cases, for all they are worth, are in good agreement
with this interpretation of the FRUs of the Salicaceae. Particularly in andro-
gynous summer catkins (zeste Hjelmqvist, who also gives references to older
literature) the nectaries so characteristic of most species of Salix may be replaced
by bract-like organs with resemble the lobes of the cupulate structure in the
female FRUs of Populus. Androgyny in different forms is of relatively frequent
occurrence (see, e.g., RAINIO 1926; HaGeruP 1938; HieLmQvist 1948; G. H.
MELCHIOR 1967), so that one may speak of some incipient monocliny; in species
of Populus from the Himalayas the consistent incidence of monocliny has been
reported. As we have seen, this may account for the development of a cupule
or lobed disc around the pistil of Populus modified into nectarial organs in most
species of Salix.

In previous publications the present author gave two alternative explanations
of the structure of the salicaceous FRUs, but only one of the two interpreta-
tions is accepted in the present paper in a somewhat modified form. The identi-
fication of the reproductive entities traditionally called flowers as anthoids in-
volves some theoretically important aspects. In the first place one can attempt
the reconstruction of the male region of an ancestral (progenitorial) taxon. This
in turn requires the weighing of all evidence relevant to the questions of initial
monocliny versus primary dicliny, and of the primarity of anemophily versus
entomophily (for discussions, see MEEUSE 1973a, 1975b). The incidence of an-
drogyny in abnormal catkins, more particularly in unseasonally flowering trees,
does not necessarily imply an atavistic development (as is so often, but er-
roneously, postulated if not taken for granted): androgyny in such strictly
diclinous gymnosperms as Pinus is clearly the result of an abnormal morpho-
genesis to a large extent induced by external conditions. For this reason the
predominant dicliny in Salicaceae and in many, if not in all, Flacourtiaceae-
Flacourtieae must be a primary condition that changed into an incipient *“poly-
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gamy” and monocliny mainly in the offshoot of the common progenitors
of Salicaceae and Flacourtiaceae leading 'to the predominantly monoclinous
representatives of the latter family, but not altogether lacking in the princi-
pally dioecious Salicaceae. The original mode of pollination was most pro-
bably anemophily (compare also KEATING 1973, p. 297 on the likelihood
of the incidence of wind pollination in Flacourtiaceae). The primarity
of anemophily is also probable because this form of pollination is mostly
concomitant with dicliny. An additional argument is the fact that originally
there were apparently no special optical attractants (in the form of semaphylls)
luring insects to the blossoms. If initially entomophily had prevailed, the poly-
andry of the male “flowers” of Populus would have to be explained as a second-
ary increase in number (a high pollen production being a normal characteristic
of wind-pollinated taxa), but the primitive androecial morphology is at var-
iance with this idea. It is much more likely that a manifest oligomerisation of
the number of stamens took place in the course of the evolution of the androe-
cium in Salix (to two per ‘“flower” in the most advanced entomophilous spec-
ies). The frequent incidence of polyandry in Flacourtiaceae, also in the mono-
clinous and entomophilous tribes, is also indicative of the primarity of a poly-
merous androecium (i.e., each monandron retained numerous polliniferous
members). The polliniferous FRU of the progenitors of the Flacourtiaceae-Sa-
liceae nexus must, accordingly, be visualised as an androclad (pre-anthoid)
bearing a number of holomonandra each with numerous anthers. The absence
of filaments in Populus has already been mentioned as an indication of the prim-
itive status of its anthoids in respect of those of Salix and of the Flacourtiaceae.

The so-called “female flowers” of the Salicaceae are characterised by the pres-
ence of a single pistil. Even in teratologically malformed catkins the presence of
a solitary pistil seems to be a consistent feature as far as can be ascertained (if a
longitudinal splitting in anomalous FRUs with a partial sex reversal is dis-
regarded - in this case there are two ‘“halves” rather than two pistils). A varia-
tion in the number of gynoecial elements (monogyna) does occur, however. In
Salix this number is normally as low as two, but in Populus it may be three or
four. There is every reason to assume that the basic number was rather high and
more or less indefinite: at least four in Salicaceae, but in the Flacourtiaceae the,
likewise solitary, pistil may contain up to about ten gynoecial units (*‘carpels”).
The pistil of the Salicaceae is either surrounded by a perianthlike structure (as
is the rule in the genus Populus), or accompanied by a few nectaries or, more
usually, by a single nectary (in most species of Salix). As Hjelmqvist and pre-
sumably other workers pointed out, the “female flowers” of entomophilous
species of Salix must originally have had at least two nectaries of which one
(viz., the adaxial one) is nowadays mostly vestigial or completely lacking. Fisher
has found anatomical evidence of the erstwhile presence of the second nectary
even if it is now wanting. The nectaries of Salix and the so-called ‘““perianth” of
Populus may represent modified bracts originally subtending gynoclads of an
ancestral gynanthocorm if it is admissible to make use of the topological equal-
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ity of the male and the female “catkins™ as a basis of interpretation. However,
in Populus the male “catkins’ often seem to be inserted on an axis of a higher
order than the supporting twigs of the female ones. The lobed, perianth-like
structure of Populus receiving vascular strands (Fisher), and the individual
nectaries of the female “flowers™ of Salix with their important vascular traces
are not necessarily comparable with the disc and the nectaries of the correspond-
ing male “flowers” and need not represent concrescent or individual gynoclad
bracts. The assumption of a perfect homotopy of the male and the female FRUs
requires the postulation of the incorporation of several ovuliferous gynoclad
axes in each pistil. One is thus faced with two alternative possibilities: the female
FRUs of the Salicaceae are either condensed anthocorms reduced to a few
gynoecial elements and some bracts, or they represent modified gynoclads
(anthoids) whose sterile members (nectaries, parts of the disc, etc.) represent
modified monogyna, and the ovuliferous FRUs of Salix and Populus need not
even be homologous! If their gynoecial morphology must be conformable to
that of the whole nexus of the Englerian Parietales the problem becomes more
complicated. The FRUs of the more primitive flacourtiaceous tribes suggest
an anthoidal nature and this points to an anthoidal type of pistillate FRU in at
least some Salicaceae.

5. “PARIETAL’’ PLACENTATION AND ITS PROBLEMS

The characteristic form of placentation found in Salicales, Violales, and other
dilleniid groups, and usually called “parietal”, needs thorough investigation.
There are several indications that the position of the fertile zones in di- and tri-
merous ovaries is median or laminal. The precursory ovuliferous elements
(primitive monogyna, ovuliferous cupules) cannot possibly have had strictly
marginal placentae either. This is of course at variance with the conventional
tenet of the ”’primitive carpel’”” with (sub)marginal placentation, and that is why
the whole problem of marginal placentation is rather fundamental. In the cista-
lean-violalean nexus and in related dilleniid groups (Capparidales, etc.) the
parietal or laminal placentation is apparently a primary condition, and it may
well be so in at least some other taxa with a more or less similar form of placen-
tation (Nymphaeaceae s.s.; some centrospermous groups such as Cactaceae;
Canellaceae; Butomaceae; etc.). Developmental studies including the ontogeny
of the floral vasculature, augmented by a comparative anatomical inquiry, of
some key families are urgently required. For various reasons the Flacourtiaceae
come to mind as a promising taxon for such an investigation: the pleiomery of
the gynoecium in several representatives, the “basic™ (central) position of the
family in the violalean assembly, the appreciable size of the ovary in several
flacourtiaceous taxa, etc.

Assuming that the primarity of the parietal placentation in at least several
dillenijid taxa can be established, the customary ““derivation™ of pistils with this
form of placentation from an apocarpous group of follicles with marginal pla-
centation becomes quite unacceptable. This only stresses the likelihood of a
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pleiophyletic evolution of the Angiosperms indicated by so many alternative
trends of phylogenetic progression whilst denying the origin of the dilleniids
from a typically magnoliid group of progenitors. The typological approach to
the interpretation of the parietalean ovary on the basis of the carpel theory must
start from some basic assumptions, such as the inevitable sequence of apocarpy
—> syncarpy, and as its consequence the explanation of the phylogenetic advent
of the unilocular pistil, must of necessity also start from a pluriloculate syncar-
pous aggregate of a number of laterally fused “monocarpellate” pistils. The Trol-
lian typological concept of a peltate or an ascidiate carpel explains the parietalean
type of pistil by the *’suppression” of the synascidiate basal part of a syncarpous
aggregate of carpels (TROLL 1937 et seq.), but this explanation meets with the
same problem as the alternative interpretation on the basis of the conduplicate
carpel theory, viz., the delimitation of the individual carpels. The first worker
who wrestled with the problem under discussion was SAUNDERS (see, e.g., the
ultimate version of her theory in SAUNDERS, 1937-1939). Her theory of carpel
polymorphism has been rejected by several workers, but quite regularly similar

c d

Fig. 1. Conventional interpretation of the origin of parietal placentation starting from a syn-
carpous condition (b), produced by the lateral coalescence of “‘closed carpels” (a), followed by
a phylogenetic “retraction’ of the radial septa which carried the placental regions along(c, d,
and fig. 2a). The difficulty is that the type of gynoecium shown in “b” has two “marginals”
providing the vascular supply to each placental zone whereas in a “typical’ parietal ovary the
placental strands are single (which can only be explained by congenital fusion but is not sub-
stantiated by ontogenetic data).
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suggestions keep popping up. MELVILLE (1963, p. 26 Fig. 39) gives a morpholog-
ical analysis of the (related) cruciferous gynoecium in which four constituting
elements (viz., 2 median fertile and 2 transverse sterile ones) are recognised (in-
stead of only two “carpels’”). MERXMUELLER & LEINS (1966) also interpreted the
gynoecium of the Cruciferae as a complex of basically four units (instead of the
traditional two). More recently, FIGNER (1973) studied the ontogeny of cruci-
ferous gynoecia and concluded that there are at least two median carpels or pos-
sibly two median fertile and two valvular and sterile transverse ones. The cru-
ciferous pistil is merely a derived type of the basic capparidalean gynoecium,
whose morphology is in turn essentially the same as that of the cistalean (pa-
rietalean) and salicaceous ovary. The pistil morphology of the ranalean Canel-
laceae is conceivably also conformable to this pattern, but this is clearly a case
of convergence although it is interesting to relevate that in the “old” Englerian
system the Canellaceae were classified among the Reihe of the Parietales. The
semophyletic origin of this one-loculed type of pistil with two or more “parietal”
placental zones, which is found among several rather primitive major taxa, can
not satisfactorily be explained by a prolonged phylogenetic development start-
ing from a number of individual carpels and leading from apocarpy to syncarpy
with initially axile placentation, followed by a gradual centrifugal disappearance
of the septa concomitant with a “shift” of the placental zones (with their vascu-
lar supply!) towards the periphery of the ovary (compare fig. I). Not only is the
evolutionary time factor prohibitive for such a complicated process, but also the
lack of “intermediate” stages in taxonomically related, recent forms.

One must also bear in mind that MoeLIONO (1970) has shown that by a process
of allometric “transformation” (which can be interpreted as a semophyletic
process of progressively divergent growth rates in different parts of the young
floral apex) a pistil with (free) central placentation can become modified into a
gynoecium with parietal of pseudo-parietal placentae. In other words: it is by
no means certain that in the proto-Salicaceae the pistil originated as an aggregate
of closed carpels in which at a later stage the septa disappeared and the pla-
centae “shifted” to a more peripheral position. There is no reason a priori to
reject the possibility of a direct transformation of a gynoclad, after cyclisation of
its monogyna, into a salicaceous flower with parietal placentation.

In a recent paper, vaN HeEiL (1973) concluded that the classical carpel theory
fails to explain the singular mode of placentation in Scaphocalyx and, in addi-
tion, causes difficulties of interpretation as regards median and commissural
planes of symmetry: if the numbers of carpels is deduced from the number of
styles (5-7) and from the bundle arrangement in the ovary, the insertion of the
ovules of one of the two alternating horizontal rows of ovules must be “median”,
and that of the other whorl “commissural” (marginal). It is quite clear that
more (comparative) developmental, anatomical and morphological studies of
the gynoecia of the Violales (including the Salicaceae) are needed, because the
results will most probably prove to have a considerable bearing upon the inter-
pretation of pistil structure and placentation. It is also quite manifest that such
inquiries must be unprejudiced by the preconceptions of the carpel theory. Of
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old there had already been two different interpretations of the salicaceous pistil
in so far as the delimitation of the so-called carpels in the (supposedly bicarpel-
late) pistil of Salix is concerned (HJELMQVIST, op. cit., p. 155-156). This con-
troversy is a close parallel of the alternative interpretation of the cruciferous
(and, by inference, capparidalean) pistil mentioned above, and is often put in
the form of the question whether the orientation of the “bilobed stigma” of
Salix is carinal or commissural, which implies, conversely, that the position of
the carinae either coincides with the plane of orientation of the stigmatic lobes
or is perpendicular to that plane. The position of the commissures is supposed
to decide the limits of the “carpels” and, hence, of the situation of the “dorsal”
and ‘“‘ventral” vascular bundles, and of the type of placentation (i.e., either
““parietal” or more or less marginal).

The interpretation of the pistils with parietal placentation of the type found
in Salicaceae must of course (at least partly) be based on evidence from a num-
ber of related families with the same kind of placentation.

ARNAL (1945), who based his work mainly on anatomical studies of the gy-
noecium, came to the conclusion that in the Violaceae the vascular supply to
the placental regions of the pistil is independent of the remainder of the vascular
system. He stated explicitly (Arnal, p. 110):

“En effet, dans aucun cas, nous n’avons vu les nervures carpellaires dans la paroi
ovarienne, contrairement @ ce qu’ a décrit VAN TIEGHEM. Quand les nervures
medianes carpellaires sont ramifié, comme c’est le cas général, les ramifications
Dpeuvent s’anastomoser d’un carpelle a I’autre en passent a I’extérieur des placen-
tas, mais elles ne s’anastomosent jamais aux nervures placentaires ou a leurs
ramifications. (...) De plus I'insertion des faisceaux placentaires se fait toujours
indépendamment des faisceaux carpellaires. Cette insertion peut se faire de
différentes fagons. Dans les fleurs les moins évolués (.. .), les faisceaux placentaires
restent isolés jusqu’ a leur fusion avec le cylindre central pédonculaire (...). Dans
d’autre cas (...), les trois faisceaux placentaires se réunissent entre eux, sous
Povaire, pour former un plexus sous-ovarien. Or, chaque fois que ce plexus
sous-ovarien existe, on constate que seuls les faisceaux placentaires y prennent
part, jamais les faisceaux carpellaires n’y pénétrent.”

Arnal had some difficulties when he tried to interpret this pattern of gynoecial
venation by means of conventional floral concepts and did not arrive at a pos-
itive suggestion (for developmental evidence, see below). He gave four previous
interpretations of the trimerous violaceous ovary (see fig. 2), based on studies
by Trécul (a kind of precursor of Saunders), Huisgen, Van Tieghem, Saunders,
Bugnon, and others, which explanations postulate three or six carpels, or only
one tri-lobed one, with the placentae either in a parietal (i.e., primarily marginal)
or in a median (laminal-central) position. This is interesting in connection with
interpretations of the gynoecial structure in the Cruciferae discussed elsewhere
in the present paper. Also in the Salicaceae teratological cases often suggest
that the lateral sides of the pistils are the “natural” lines of splitting (i.e., a
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Fig. 2. (After ARNAL 1945, somewhat modified)

a. Conventional interpretation: three-carpellate gynoecium with supposedly fused laterals
(see fig. D).

b. Alternative interpretation (based on fruit dehiscence)

¢. Trécul’s (and Saunders’ explanation): there are six elements of which three are placental-
bearing (hatched) and alternate with three sterile ones (see also MELVILLE 1963).

d. Interpretation as a single tri-lobed carpel with one median suture of infolded margins of
“main blade” of carpel unit and two lateral ones formed by lateral fusion of accessory

(*stipular™) lobes of same unit.

Limits of “carpels” or similar units indicated by dotted lines and arrows;

n.m.p. = nervure médiane placentaire (median or central placental bundle);

n.m.c. = nervure médiane carpellaire (= *“‘dorsal” of many workers, supposed to be a kind

of “midrib vein” of the carpel);

pl.r. = placental ridge.

transverse position of the “carpels”), because in cases of androgyny a longitu-
dinal splitting along a lateral line can be observed (G. H. MELCHIOR, 1967) and
in examples of progressive androgyny, morphologically male organs may ap-
pear in the transverse zones of the split gynoecium (RaINIO, 1926). These abnor-
malities may be indicative of the presence of two parts constituting the salica-
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ceous pistil, which parts have an anticous-posticous (= median) orientation in
respect of the floral bract and the floral axis, and are joined at the lateral flanks
of the pistil. As Arnal has pointed out, the dehiscence of mature fruits is quite
irrelevant in this connection (capsules may exhibit septicidal or loculicidal de-
hiscence). The teratological evidence (VELENOVSKY, 1904; Melchior; Rainio;
and HaGerup, 1938) being inconclusive, one may wonder what other criterion
may be useful to decide the orientation and the lateral limits of the elements
compounding the pistils with “parietal” placentation under discussion. Arnal
has found that in Viola the gynoecium develops as a complete circular rim on
which the ovule primordia develop on the inner surface. In a later stage three
protrusions are formed on the rim in the radii alternating with the preplacental
ridges. Arnal believes that these points represent apices of developing “carpels™,
so that the placental zones are marginal or at least submarginal, which is one of
the reasons why he believes that the margins of the “‘carpels” in the (trilocular)
violaceous ovary more or less coincide with the placental zones (the deduction
is very much the same as in the recent paper by EIGNER 1973 on the cruciferous
gynoecium). In his unpublished thesis A. MCDoONALD (1970) discusses a number
of papers pertaining to the floral development in the Salicaceae, and comments
on them in relation to his own observations. Apparentlv the gvnoecium develoos
either as a rim (Populus), but (in some species of Salix) sometimes as two cres-
cent-shaped primordia on a broadened floral apex which does not, or hardly,
contribute to the formation of the pistil. The placentae originate as two median
zones on the inner surface of the girdling primordial pistil. This mode of devel-
opment agrees essentially with Arnal’s description of the gynoecial ontogeny of
Viola (which has three placental zones) and in his train of thought the ““bicarpel-
late™ salicaceous pistil would have two compounding units (“carpels’) which
meet in the median plane of symmetry of the flower (and not at the lateral ca-
rinae as is usually assumed). However, the development of distal protrusions
between the placental ridges on the gynoecial rim in Viola does not imply that
the so-called “dorsal” bundles (Arnal’s nervures medianes carpellaires, n.m.c.)
indicate the median portion of a “‘carpel”, simply because the points develop
into stylar and/or stigmatic parts of the pistil. The placental bundles (nervures
placentales of Arnal, n.p.) of Violaceae form an independent vascular system
which links up with the n.m.c. system in the lower region of the floral axis and
in some taxa may even downwards extend independently into the gynophore
(Arnal). The n.p. bundles are branches of a residual stelic system which has lower
down successively split off traces leading to the sepals, petals and androecial
elements, or of three bundles of a stelic system in which the three alternating
bundles are the n.m.c. strands. The (relative) independence of the n.m.c. and n.p.
systems provides no clues as regards the relations of placentae and sterile
ovarial segments. It is, therefore, not surprising that SAUNDERS (1937-1939) and
later, in a different form, MELVILLE (1963) accept twice as many constituting
gynoecial elements as the conventional number (i.e., four in Salix instead of
two), because their arguments are principally based on the floral venation.
Neither the organogeny nor the vascularisation pattern seems to provide an
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unequivocal answer to the questions of how many gynoecial units there are and
how these units can be delimited, but there are clear indications of a different
orientation of the fertile units than is accepted in the established interpretation
of the “parietalean” type of ovary. As we have seen, MoOELIONO (1970, particu-
lary p. 207-211) has pointed out that there are two leading assumptions con-
cerning the typological derivation of parietal placentae, viz., (1) a “shift” of
axile placentae by a centrifugal withdrawal of the ovarial septa and the adhering
placenta to a peripheral position, and (2) a combination, by lateral mutual coa-
lescence, of a whorl of “open™ carpels with marginal rows of ovules into a syn-
carpus ovary (without septa). However, these interpretations do not satisfacto-
rily explain why in the gynoecia of the Violaceae and Salicaceae the placental
bundles (n.p.) are single strands throughout and not double traces: two laterally
adjoining “open” carpels with marginal rows of ovules would each contribute
a ““ventral” vascular strand to a placental region (which is supposed to be of
“bicarpellary” origin in this train of thought). One could imagine a phylogen-
etic fusion of two ovular strands into a single n.p., but in this case the “carpels”
in the salicaceous pistil would have a median position (the placentae being situ-
ated in the median plane of symmetry of the pistil), and this does not agree with
the customary interpretation of the gynoecium of Salix as bicarpellate with trans-
verse “carpels”. As I pointed out before, fruit dehiscence and teratological data
are inconclusive, and the median grooves in the pistil of some Salicaceae (dis-
tinct in, e.g., Populus tremula) need not indicate a commissural zone of concres-
cence of a transverse pair of carpels (but may simply be a preformed zone of
dehiscence). There are manifestly several inconsistencies in the “classical” in-
terpretation of parietal placentation, so that one had better follow Moeliono’s
example and should attempt a different line of approach. The placentation, i.e.,
the relative position of the ovuliferous zones in respect of symmetrically (radial-
ly) arranged constituting elements of the gynoecium, is the result of a number
of morphogenetic processes. In the centrospermous assembly, extensively stud-
ied by Moeliono, the place of initiation of the placental zones and various
growth processes, such as the relative (differential) growth rates in the longitu-
dinal and centripetal direction (the septa) and in the centrifugal direction (pla-
centae superiores, Moeliono) in different parts of the floral apex, decide the
ultimate morphology, so that axile or “free central” placentation is typical of
the caryophyllaceous flower type, at last in the lower region of the pistil, whereas
“parietal” placentae are found in many Aizoaceae and Cactaceae. The same train
of thought applies a forteriori when the initiation of the ovular primordia takes
place on the inside of a rim girdling the floral apex, or anywhere adaxially near
the base of that rim, and the floral apex itself ceases to grow in length, whereas
the rim extends in all directions (but mainly longitudinally) and “pulls along”
the young placental ridges, gradually drawing the latter farther away from the
central axis in an upward (and outward) direction. The original form of placen-
tation in “parietal” gynoecia may have been “basal” or “basal-axile”, but the
ontogeny is not indicative of an erstwhile presence of radial septa, and a plurilo-
cular ovary with proper axile placentation presumably never occurred in the
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progenitors of Salicales and Violales. 1f one takes into account that, if the dico-
tyledonous FRUs (“flowers™) are interpreted according to the anthocorm
theory (MEEUSE 1974a, 1974b, 1974c, 1975b), one can distinguish diverging
trends in the relative position of the gynoclads: they may have become longitu-
dinally adnate to the floral axis as in many Magnoliales, they may have devel-
oped centrifugally and they may have become transformed into anthoids. These
divergent trends must also have been operative in other groups (such as the
Centrospermae, fide MEEUSE 1975a) and there is, also for ontogenetic reasons,
not such a fundamental difference between some types of placentation; how-
ever, there are undoubtedly divergent (alternative) types which have no “se-
quential” typological relation, so that the “derivation” of a “parietal” form of
placentation from an axile prototype is quite inane: the gynoecial semophyleses
took altogether different pathways which are presumably still reflected in the
divergent modes of organogenesis of the pistil. These deductions still do not
provide a better answer to the peculiar morphology and vascularisation pattern
ot the “parietal” ovary of the Salicales and Violales. The alternating placental
zones and sterile wall segments form a consistent pattern, however, because the
same kind of gynoecial morphology is found (partly as parallellisms?) in Canel-
laceae (Polycarpicae), Begoniaceae (related to Violales?), and Orchidaceae. The
placental strands (n.p. system of Arnal) may proximally link up with bundles to
other floral appendages and this inspires, e.g., such ideas as Melville’s interpre-
tation of the pistil of Salix as the derivative of two decussate pairs of gonophylls
of which the upper pair “lost” the tegophyll blades and the lower pair its ovu-
liferous portion. The ontogeny, which points to two gynoecial parts, does not
support this idea. EIGNER (1973), on the other hand, has given examples of in-
dependent systems of vascular trunks in gynoecia, which is one of the reasons why
he(and as others did before him)suggests that some pistils contain more “carpels”
(sometimes twice as many!) than is generally assumed in current hand books and
texts. Teratological cases are not very helpful either, because several forms of
floral degeneration, with or without a (partial) sex reversal, have been reported.
VELENOVSKY (1904) found, apart from the degeneration of nectaries into leaf-
like organs mentioned before, flowers with both pistils and stamens, but also the
change-over from a pistil into a stamen (or vice versa). According to this worker,
in Salix the anther is equivalent to a carpel, but other morphologists who stud-
ied such teratological cases do not agree. Velenovsky also came to the conclu-
sion that in Salix the carpels are transversely oriented. RAINIO (1926) recorded
cases in species of Salix in which stamenlike structures developed int he radii
alternating with the median placentae (i.e., ultimately a transverse pair of
staminodes replaces the two “carpels”); conversely, staminate flowers can
progressively “degenerate” into female ones with the placentae alternating with
the (two) stamens. HAGERUP (1938) described cases in which ovules were re-
placed by stamen-like organs (or vice versa), but one gets the impression that
there was no “shift” in position (as reported by Rainio). MELCHIOR (1967) also
found cases of androgyny (in Populus) concomitant with a transversal splitting
of the ovary, but all these cases at best do not indicate more than the probable
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occurrence of two median “units” (i.e., of two transversely extended structures
constituting the pistil).

There is apparently no consensus of opinion concerning the interpretation of
the gynoecial morphology of the Salicaceae and the *‘Parietales”. A brief re-
capitulation yields the following list:

(a) Classical carpel theory: From a syncarpous, plurilocular archetype the
“parietal” form of placentation developed by a “shift” of the placentae
towards the periphery by a “retraction” of the septa in a centrifugal direction
(see p. 447 and fig. /). One of the difficulties is that the placental (““ventral™) vas-
cular strands also had to migrate in a centrifugal direction, but in the typical
parietalean pistil there is only one placental strand (Arnal’s nervure placentale).
This theory implies that the boundaries of adjoining carpels are indicated by the
placentae and that is, among other things, why Arnal assumed marginal pla-
centation (supposed to be concomitant with a complete congenital fusion of the
two placental bundles contributed by two adjacent “carpels”); however, some
phytomophologists consider the placentae to be situated in the median longitu-
dinal area (so that the *“‘carpels are supposed to join at the “nervures medianes
carpellaires” of Arnal, usually regarded as “dorsals”) and this requires some
more “shifts”, viz., of marginal placentae to the median zone, and possibly also
“inversions™ of vascular strands. The supposition that a neotenic development
of the “carpels™ as “open’ leaf-like pistil elements could produce at once a pe-
ripheral kind of placentation does not eliminate the other difficulties.
(b) Peltate carpel theory: This explanation starts from a prototype of a phyl-
lomatic pistil element consisting of an ascidiate part in which a (submarginal)
U-shaped placenta is present and a distal, more laterally compressed, part with
an adaxial, longitudinal slit. A relatively unimportant development (i.e. the re-
duction) of the basal portion and a lateral (congenital) fusion of the margins of
the relatively large distal parts would produce an ovary wall which is connected
with the floral axis only at the base of, and above the ovarial cavity, whilst the
placentae shifted in an outward direction to become ‘““basiparietal” and ultim-
ately (by a further distal shift) parietal.
(c) Theory of carpel morphology (Saunders): There are narrow, solid fertile
carpels bearing the placentae alternating with broader, sterile “valves™.
Developmental and anatomical data do not contribute decisive supporting ar-
guments for this hypothesis.
(d) Melville’s Gonophyll Theory: The theory does not yield consistent inter-
pretations, vascular anatomy being the sole base of the argument. In taxa
with “parietal” placentation the pistils did not necessarily evolve by means of
the same semophyletic processes, but it is rather unlikely that the salicaceous
gynoecium and the violalean ovary would have a fundamentallv different eround
plan (MELVILLE 1963 the gynoecium of Viola is supposed to have evolved from
six gonophylls; that of Salix from four, half of the number remaining fertile and
the other half becoming sterile). The ontogenetic development of the pistil as a,

respectively, trimerous or dimerous structure, is at variance with this interpreta-
tion.
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(e) Anthocorm theory: There are two possibilities: the conventional carpels of

the classical theory (irrespective of their mutual boundaries) represent mo-
nogyna. In other respects the reasoning is very much the same as in the peltate
carpel theory, and the delimitation of the erstwhile monogyna remains a ques-
tion, as in most of the other interpretations.

As far as the gynoecium proper (pistil) is concerned, there must originally
have been several monogona (‘“‘carpels™), each representing a depauperated
gynoclad, in a single whorl, at least as many as there are meromonandrial per-
ianth lobes in some Salicaceae (e.g., four or five), but later the number of mo-
nogyna in the whorl became oligomerised to two (with few exceptions). The
monogyna {cupular organs) must have had a distinct and wide orifice, and when
they coalesced with their margins a compound ovary without complete radial
septa was formed. Various indications plead in favour of a transverse orienta-
tion of the cupule derivatives, i.e., the placental zones are median and (basal-)-
parietal. This interpretation, preferred by the present author, is very similar to
that of the peltate carpel theory (compare BAUM & LEINFELLNER, 1953), but the
archetypes are different: each gynoecial part is not a foliar carpel but a cupule
derivative. In the presumably related monoclinous forms (such as many Fla-
courtiaceae, Violaceae, etc.) the pistil constituents must belong to androgyn-
oclads. In a number of cases the vascular anatomy agrees with this conclusion.
ARNAL (1945) reported that in, e.g., species of Rinorea (Violaceae) the placen-
tal bundles (n.p. system) are the remaining branches of vascular trunks sup-
plying, in an acropetal order, traces to sepals, petals and androecial elements
(stamens). The petaloid elements are coaxial with the stamens and presumably
phyllodic androecial elements. This type of vascularisation resembles the pattern
of floral venation in some other groups, but (see MEEUSE 1971, 1972) the gynoe-
cial morphology may be different (except in e.g., the Canellaceae and Nymphae-
ceae s.s., and perhaps in some Papaveraceae) in that the ranalean gynoecia are
normally apocarpous (and if they are syncarpous, usually plurilocular).

6. DISCUSSION

The Salicaceae are manifestly descendants of still apetalous to oligopetalous
progenitors which bore unisexual anthocorms; closely related taxa contempo-
raneous with those progenitors or appearing a little later became diclinous and
developed a tendency towards phaneranthy associated with entomophily. They
subsequently evolved into other, predominantly monoclinous taxa of the pa-
rietalean assembly. The gynoecia are compounded of elements of cupular deri-
vation in which the orifice in the adaxial-distal part did not become closed at an
early stage but widened, whereas the ascidiate basal part became much reduced
and the placental area tended to become subbasal and later parietal (or laminal,
as the case may be: compare the analogous Nymphaeaceae s.s.). The Salicaceae
underwent several, partly divergent evolutionary processes through which Salix
became predominantly insect-pollinated and developed nectaries, but the pro-
perianth lobes of meromonandrial origin did never become semaphyllous (in
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contradistinction to most other Violales). The given interpretation of the gynoe-
cial (and floral) morphology shows that a certain semophyletic trend may be-
come the trade-mark of a major taxon which thus forms a “‘natural” group. In
the case under discussion the polyrheithric (pleiosemophyletic) origin of the
parietal (and laminal) type of placentation in a compound ovary in, e.g., Buto-
maceae, Canellaceae, Nymphaeceae and the Salicales-Violales nexus seems to be
rather manifest, The Canellaceae appear to be a specialised and rather excep-
tional group among the woody ranaleans, but in the Salicales and *‘Parietales™
(Cistales, Violales etc.) and their near allies the trend was persistent and
highly characteristic of the assembly.

NOTE

When the present paper was ready for the press, a digest of a lecture by MALUTINA & MALU-
TIN (1975) came to hand. These authors studied FRUs of different species of Salix and found
indications of an originally larger number of “carpels” (viz., 3-6, sometimes apocarpous) and
of ovules (about 40). Their interpretation of the FRUs of the genus as derivatives of an ambi-
sexual prototype, apparently based on cases of anomalous development, is conventional. The
presence of a 3-5 lobed to cup-shaped structure in lieu of the nectarial organ(s) is interpreted
as demonstrating the origin of the latter from a perianth.
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