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Abstract. Evolution was in the beginning applied to the species. When genetics
established the independent inheritance of characters, evolution also began to be
analysed in terms of characters or organs, each considered independent in its evolutionary trend. Subsequently, however, this rule of independence began to be violated in the attempts to determine evolutionary status by correlation. Furthermore,
the circumscription of an organ for evolutionary correlation is equivocal. With regard to the vegetative and floral morphology of the angiosperms, the concepts of old
formal morphology in terms of fundamental organs were more definite and evolution
has not been able to offer anything better. Many of the concepts of formal morphology have in toto been transferred to evolution.
The principles laid down by Cadquist, in what he has proposed to be a function
oriented approach to angiosperm morphology, appear to be based on undue assumptions with a mixing up of homology and evolution. The decline of evolution as the
directive force behind plant morphology necessitates new approaches that could
impart dynamism to this basic discipline of botanical study.
Keywords. Plant morphology; organic evolution; structure and function; organ

definition; statistics and phylogeny.

1. Evolution and fundamental organs

In the first article o f this series (Periasamy and Swamy 1977), it has been stated
that the old formal morphology, based on fundamental organs o f the angiosperm
plant body, is a concept unrelated to evolution, but that evolution as an all embracing principle is b o u n d to explain the concepts o f formal morphology. Let us therefore see how far evolution has been or will be able to do this.
It may be asked how evolution, which is applicable to the level o f species, would
concern or take note o f such a concept as the fundamental organs. In fact, immediately after the advent o f the theory o f natural selection, even leading botanists of
the time were not able to interpret formal morphology in terms o f evolution and
failed to see any worth for the former in comparison to the latter. They preferred
to devalue formal morphology as of little use in the understanding o f the plant body,
which appeared to have biological value only in relation to the grand scheme of
evolution. All other aspects o f its organisation were thought o f as subordinate and
meaningful only in so far as they served to explain the evolutionary aspect.
Although in the beginning evolution was thought o f as applicable to the species
level alone, it was soon realised by evolutionists that the evolution o f a species o f
multicellular individuals as an angiosperm, was too complex to be analysed in terms
o f the species or the whole individual. At this juncture, it was established, following
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the rediscovery of Mendel's laws, that characters of organisms behaved as independent units in heredity. As a consequence, it dawned on biologists that if characters
are inherited independently, they should also evolve independently since inheritance
is the paving stone for evolution. Apart from the genetic justification involved in
this idea, it provided the bewildered phylogeneticist a way out of the complexity he
had to confront with in the evolution of complex bodied individuals. The evolution
of the individual could be simplified and analysed in terms of characters and organs
in the same way in which their heredity could be studied. This organ-oriented approach to evolution has steadily gained strength and many believe that the evolution
of an individual and consequently the species is nothing but the summation of the
evolution of its organs, and that the species which has a greater number of more
evolved organs should be considered as more evolved than one with a comparatively
less number of such organs. For this it is necessary to establish the trend of evolution
independently for each organ. Curiously enough, however, when a trend is established for one organ on some basis, this trend is used to measure or determine the
trend in another organ by correlation although this procedure is against the basic
assumption that the evolution of one organ need not be correlated with that of
another. No rule or principle has been established to determine whether any two
organs are correlated or not in their evolution.
Furthermore, in a complex plant body as the angiosperm, the determination or
circumscription of an ' organ' is itself rather equivocal. For example, if the leaf is
considered as an organ, it has subparts like petiole, lamina, veins, etc. which are
equally fit to be considered as organs. In the stem, there are again the shoot apex,
the node and internode, and other parts of internal organisation like the stele, vascular bundles, cortex and pith which themselves would qualify for the status of organs.
In the vascular bundle itself, the xylem and phloem and other constituents qualify
for the status of organ and in fact, the evolution of the xylem is a well-known trend
determiner. Pushing this point further, it is possible to find in the angiosperm plant
body hundreds of categories of parts which qualify for the status of organ for the
purpose of evolution. In such a situation naturally, what constitutes an organ in
the concept of one may be too small or too large to qualify for the same status in
the concept of another. The situation with regard to heredity is equally confusing
because the gene or the hereditary unit cannot be circumscribed with exactitude
and is supposed to differ in size depending upon its functional level. Thus, evolution
which started with the species has descended down steadily through the individual
of the species, the organs of the individual, subparts of the organ and so on to the
level of gene and subgene such that it is not possible to determine objectively
what exactly is the unit of evolution or the unit for the so-called evolutionary
correlation.
In the entangled mess in which evolution has landed, our initial question is a legitimate one---viz, in what way does evolution explain the concept of root, stem and
leaf and their modified manifestations on the angiosperm plant body as conceived
in the old, pre-evolutionary, formal morphology ? Evolution recognises the root, stem
and leaf as definite and significant organs of the angiosperms. The only theory that
attempts to explain the derivation of these organs from a body not so differentiated
is the telome theory, but the principles of derivation that underly the theory viz.
overtopping, plantation, recurvation, webbing, etc. read more like the concept of
modification of old morphology than that of evolution. The more important part
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of formal morphology is the modification of the three fundamental organs and their
homology and analogy based on location symmetry, etc., as explained in the first
article. However, evolution does not seem to have offered any new explanation for
these. For example, no evolutionary explanation of the derivation of cladodes,
phyllodes, tendrils, thorns, hooks, aerial roots, etc. seems to have been ever given.
On the other hand, the morphological and modificational aspects of these as explained by formal morphology, seem to have been simply adopted in tow for evolution as well. The well known ideas about the nature of the tendrils of Cucurbitaceae, the staminodes of Scitamineae, etc. may be cited as instances in this
regard. So it is the old formal morphology that explains evolution, instead of
being the other way about. From this one may judge which one of the two, formal
morphology or evolutionary morphology, is based on more solid grounds, as far as
the angiosperms are concerned.
The preemption of evolution by formal morphology is more evident when we
turn our consideration to the reproductive parts of the angiosperms. The so-called
classical theory of the flower and floral parts is essentially a pre-evolutionary one but
appears to have become transformed into an evolutionary concept overnight with the
advent of the theory of natural selection. Subsequently, unlike the vegetative pa~ts
of the angiosperms, the flower and its parts received a deeper attention of evolutionists
and this has resulted in many new concepts. Some of these are applicable to the
whole flower, as for example the suigeneris, telome and gonophyll theories, while
others apply to some of the floral parts as for example the peltate and conduplicate
concepts of the carpel, and the stachyosporous and phyllosporous concept of the
androecium and gynoecium. Nevertheless, except those that aim to partially modify
the classical concept, those that aim to completely replace it, have in general not
been considered as more satisfactory explanations than the classical concept. In
short it may be said that as far as the angiosperms are concerned, the old morphology foresaw from a basically different standpoint what evolution could do subsequently. This means that the angiosperms could be fruitfully studied and understood, and could provide ample food for intellectual e~ercise without the agency of
evolution. Perhaps the abominable mystery of the origin of angiosperms would be
a fit field for evolution, but it has no essential role to play once the angiosperms
arrive full-fledged on the field and wrap themselves in the costume of old morphology.

2. A critique o f the ' principles ' o f Carlquist

Carlquist (1969) has attempted to give a different twist and evolutionary interpretation to the morphology of angiosperms, especially floral morphology in terms of
vasculature. On the whole, his approach may be said to be a revival of the teleological interpretation which was once prominent in the field of evolution but discarded
subsequently as dubious and too subjective or anthropocentric for interpreting evolution. As stated in Periasamy and Swamy (1977), there is little correlation,
if any, between form and function. Many of the principles of Carlquist harp on a
functional approach to floral morphology, but some are concerned with other aspects and assumptions of evolution. In a rejoinder, Kaplan (1971) has countered
some principles but it is worthwhile for the sake of morphology, to examine all the
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principles and assess how far they are an improvement over the earlier concepts
eriticised by them.
The keynote of the first principle is that venation relates to contemporary function. However, except for some diffuse and general explanation, no specific example of the relation has been pointed out. The crucifer gynoecium and inverted
bundles are dispensed away with one sentence explanations. Especially it is curious
that a question' w h y ' inferior ovary evolves in angiosperms is raised and why floral
anatomists have not taken this ' w h y ' into account. Apart from the fact that this
' w h y ' is not answered by Carlquist himself, it may be pointed out that the question
' w h y ' belongs to the domain of philosophy and cannot be answered by science,
which can strive to answer only the questions how, what and when.
Even assuming for argument sake that such functional relations as postulated
by Carlquist do exist, it has to be proved with concrete evidences before being stated
as a principle. Nobody has ever shown or will it ever be possible to show that
inferior ovary has proved to be more profitable than the superior, or the syncarpous
preferable to the apoearpous within the angiosperms. Similarly, the size correlations, dispersal and pollination mechanisms cursorily mentioned by Caxlquist are
devoid of any concrete value because it cannot be proved whether size increase was
followed by venation increase or vice versaor both were simultaneous. Even if one
of these is real then the reason for this has to be explained and so on ad infinitum,
but the process will very soon cease to be within the boundary of science.
The second and third principles speak about the supposed conservatism of the vascular system and the rates of evolution. Carlquist says there is no reason to believe
that vascular system lags behind external form to any appreciable extent, but he
fails to give any convincing argument in support of his contention. If as supposed
by Carlquist, vascular pattern always reflects or is correlated with external form,
no one could have thought of conservatism. However, the real situation is that there
are numerous instances where the mature as well as the provaseular pattern is not
related to the external form of an organ and its relation to others. There are also
many instances where veins may be looked upon as vestiges with reference to external
form and other features. While giving credit to some interpretations of Eames
(1961), Carlquist questions why we should believe that primitive staminal structure
has been retained within the zingiberalean families specialised in so many respects.
Belief is purely a personal trait and there can be no limitation to it. Unfortunately,
reasoning, unlike believing, has limitation and can never go beyond a level, where
it confronts with what cannot be known through reasoning. At this level science
has to accept ignorance or resort to belief, and many resort to the latter rather than
to the former. It is at this level that biologists stand with regard to the details
about evolutionary trends, evolution of organs, etc. Therefore, if one could believe
that there is synchronisation of evolution of characteristics, others could equally
well believe the opposite because both are in the domain of belief where proof
through reasoning based on concrete evidence is absent. The same argument
applies to why Winteraceae have not been considered as more primitive than
Magnoliaeeae in general.
Carlquist states that there is no reason to believe that vaseulature or any other
feature lags behind in phylesis to any considerable extent. The whole phylesis of
angiosperms is essentially based on the structure of the flower rather than that o f
the vegetative body because the flower is supposed to be more conservative than the
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vegetative parts. Within the plants now included under the families Asclepiadaceae,
Compositae, Orchidaceae, etc. and the genus Euphorbia, the remarkable uniformity
in floral organisation is accompanied by extreme diversification of the vegetative
body. How has then the floral organisation remained constant and conservative
while the vegetative body underwent so much change? Are we to assume conservatism of floral organisation or say that the floral resemblances are accidental and
not indicative of relationship? Conservatism has all along been the dominant
working principle for the analysis of phylogeny although the question which parts,
organs or features must be looked upon as conservative cannot be satisfactorily
answered by evidences because of the nebulous and reticulate relation between
evidence and phylogeny. Absolute conservatism in any feature, except perhaps the
possession of cells and cell walls, cannot be assumed, and so conservatism also becomes a relative and subjective aspect where everyone is free to interpret evidences
in the way he believes it to be.
The fourth principle of Carlquist deals with the generally assumed reduction of
venation and size as phylogenetic advance. He says that the uniform assumption
of reduction series is little short of hilarious and that if this really~be so there ought
to be huge numbers of minute flowers with minute appendages and virtually no large
flowers. Such a conclusion is, however, unwarranted because the assumption of
reduction does not mean that it is a compulsory process for phylogenetic advance.
There may or may not be reduction and the former alone could lead to size reduction. Furthermore there are instances where size reduction does not involve the
reduction of vasculature and other features and vice versa. We have no sure way of
finding out where reduction has operated and where it has not. Although some
would like to read a reduction series unidirectionally, the possibility of reading it in
either direction has been stated by many workers. The statement that size of flowers
is related to pollination agents is too general to be of any real value. The large
and showy flowers of Aristolochia are pollinated by minute insects rather than large
ones, and the same sized insects are involved in the pollination of the aroids with
minute, unattractive flowers in spadices.
The fifth principle speaks about the role of vascular bundles and says that no
bundle should be interpreted as a vestige. Bundles are considered to be vestiges
only where they do not lead to any organ or part and end blindly or where their
existence cannot be related to conduction, which is supposed to be their main function. Carlquist wants that some function must be attributed even to the seemingly
functionless vestiges and that this is a challenge for floral anatomists. The implicit
faith in the idea that nothing exists without a function, formerly led to elaborate
and imaginative explanations of some function or other to every part to emphasise
its adaptive value in the scheme of natural selection. We have, however, shown in
Periasamy and Swamy (1977) that form and function of even full-fledged organs
could not be easily correlated and so the attribution of function to vestiges should
only be far fetched. With regard to carpel vasculature, Carlquist says that it must
be related to fruit wall size. The fruit is a post fertilisation development and in case
fertilisation fails, no fruit develops. If vaseulature develops in response to functional needs as assumed by Carlquist, a rich vaseulature needed for a thick fruit
wall need not develop in the carpel wall before it is certain that it would develop into
the fruit wall. This would be a waste in case fertilisation fails and hence a poor
sort of efficiency.
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In the sixth principle C~rlquist says that the external form of organs, especially
floral organs, is more important than internal structure with regard to their function because it is the external form that is visible outside and related to pollination
and dispersal. However, in many instances the function of internal structure does
not depend on external form. For example, pollen tube growth through the stigma
and style has nothing to do with their external form but is intimately related to their
internal structure. Similarly, the various kinds of fleshy and dry fruit walls, the
development of various celltypes within them, and the differentways of dehiscence
for dispersal,are not related to external form.
The seventh principle does not challenge but restates some generally accepted
concepts regarding the role of ontogeny in change of form, and increase and decrease in the number of parts.
Carlquist's eighth principle provides an illustrationof the indiscriminate mixing
up of the concepts of pre-evolutionary morphology with that of evolution. As
explained in our firstarticle,ontogeny was one of the later added evidences for the
interpretation of homology along with position and axial or appendicular nature.
Homology between floral parts and leaves was a pre-evolutionary concept and had
nothing to do with phylogeny. But when phylogeny became the fashion, in its
inabilityto offer any new or better explanation of floralevolution, homology of old
morphology was simply transferred to phylogeny and this resulted in the erroneous
idea that leaves evolved into floralparts. In factthe idea that ontogcny recapitulates
phylogeny was also probably the outcome of equating homology with evolution. The
classical concept of the flower and its parts, the conduplicate concept and the concepts of inferior ovary are quite meaningful and valid in the light of homology of
old morphology. Homology is not evolution as Carlquist seems to imply in questioning the validity of ontogenetic evidence for determining phylogeny. In fact,
as stated earlier, many evolutionary morphologists have perhaps inadvertantly succumbed to this tendency of introducing the terms 'primitive' and ' advanced' into
the concept of homology where they do not have any meaning. The role of ontogeny in phylogeny, especiallythe phylogeny of angiosperms, is perhaps next to nothing because, we are yet to establish rules for determining what ontogenetic changes
and trends may be of phylogenetic significance. The statement of Kaplan 0967)
quoted by Carlquist, correctly speaks about the homology of the inferior ovary,
not of evolution, but what Carlquist means by ' morphology' in criticisingit adversely is perhaps evolutionary morphology, and both evidently failto keep the two
apart as it should be.
The ninth principle says that the similarity of venation between sepals and leaves
is due to similarityof function. However, granting that sepals by virtue of possessing chloroplasts, are capable of photosynthesis, this cannot be their main function
because in comparison to the magnitude of photosynthesis by leaves, photosynthesis by calyx is insignificant,and no plant can be thought of as producing sepals
as additional organs of photosynthesis during the reproductive phas e. Furthermore in most plants, sepals are as temporary as the petals and stamens and hence
photosynthesis is incidental in them as in the green young stem parts. If this evanescent correspondence could lead to similarity of vasculature, in spite of the much
more significantdifference between the leaves and sepals, the whole hypothesis of
Carlquist that structure is related to function would become untenable.
The tenth and eleventh principles speak about the petals and stamens and says
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that venation is not indicative of evolutionary relationship. While in a previous
principle it is stated that external form alone is meaningful for pollination mechanism,
here it is assumed that anatomy of the petals must be related to pollination mechanism.
Apart from this self contradiction, the uncertainities expressed through ' ifs' and
' b u t s ' make the principle unconv'lncing--more unconvincing than those it questions. The anthers in Annonaccae are subtvrminal with prolonged connectives but
how they are referred to as terminal is not clear. Size, shape and arrangement of
petals and stamens may be related to pollination but the question how exactly they
are related cannot be easily answered. The peculiar and quite varied floral biology
of Polyalthia and Cananga sp. of the Annonaceae described by Periasamy (1954),
suggests quite different adaptations. While such observations may bring to light
the pollination mechanism, any attempt to correlate the form and mechanism would
not only be futile but also of little value in establishing phylogenetic relationship
because quite different forms could exhibit the same mechanism. Foliar stamens
show a greater homology with phyllomes and this aspect of old morphology has
simply been incorporated in evolution to interpret them as primitive. Evidence is
lacking not only for the phylogenetic position of fascicled stamens but also for the
whole flower and its parts if we discard the concepts of old morphology that were
not intended to interpret evolution.
The twelfth principle speaks about ovule position and carpel phylogeny. When
it is not certain what the initial angiosperm carpel was, the acceptance of laminar or
marginal placentation as primitive becomes merely a subjective matter and no purpose will be served by arguing in favour of one or the other. The historical perspective for submarginal placentation given by Carlquist, merely simulates a similar
perspective for marginal placentation given by Swamy and Periasamy (1964).
New concepts arise in response to new features. In a large group as the angiosperms, features which are found in a handful of plants need also to be explained.
The regular vascularisation of the ovules of Cananga odorata from the dorsal system
rather than from the nearby ventral system (Periasamy and Swamy 1956) is a feature
not reported in any other angiosperm, and quite against the simple relation between
form, function and position assumed by Carlquist. When faced with such a situation, only two courses are open, one to profess one's inability to explain it, and the
other to propose some explanation based as far as possible on what we know.
Because a scientist cannot resort to the first, he resorts to the second, however
imperfect it may be. Further knowledge may modify or improve it and sometimes
even disprove it. But evidences to disprove an explanation must be more concrete.
One cannot question an explanation with arguments as vague and uncertain as
those on which the original explanation was based, as Carlquist proposes to do.
The supposed primitiveness of open and stipitate carpels is questioned in the
thirteenth principle. Again it is a question of confusing homology with phylogeny.
But it is surprising that ontogeny which is considered useless in an earlier principle,
is brought in to assume the open nature of a majority of angiosperm carpels.
Principle fourteen relates to correlation phylogeny about which enough has
already been stated by us. None could deny the uncertainty, vagueness and overassumptions inherent in this, but unfortunately a mere statement of the fact is no
answer and Carlquist has not provided any worthwhile clue for a way out.
The next two principles speak about pollination and dispersal syndromes. They
are vague and fail to establish any concrete guiding principle that would help to
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solve the uncertainties. The overemphasis on pollination and dispersal as all important to the exclusion of many internal and external phenomena in floral biology is
not understandable. Furthermore, there is little reason for correlating the dispersal of the mature fruit with carpel structure. The developmental changes that
take place in the carpel after fertilisation bring about such profound alterations in
both internal structure and external form with which the pre-fertilisation carpel has
little resemblance. The two stages of floral history--the pre- and post-fertilisation
stages--although forming a continuum, are distinct from one another, even as the
production of the flower is distinct from the vegetative body of which it is a continuum. Comparing the amount of vasculature that develops in the fruit with what
exists in the carpel, it would be far fetched to consider the latter as the precursor of
the former.
The seventeenth principle deplores the unwillingness and inability of anatomists
to find out and demonstrate phyletie relationship. As stated earlier, the fault is not
with the anatomists but with the nature of the problem itself. Not only anatomists
but all others have failed to provide clear details for the generalised idea of evolutionary reltionship. This includes taxonomists, cytologists, embryologists, geneticists, etc. Nobody has been able to establish objective and useful dues that can
solve phylogeny without any ambiguity. But there is no dearth of subjective and
imaginative procedures, and the situation is such that no one can assert the correctness of his views or the mistake of others. In the absence of any objective yardstick
to measure phylogeny, everyone is free to use his own measure and determine values
accordingly. The 'broadened outlook' of Bailey, the 'combined approach' of
Kaplan (1967), the 'judicious consideration' of Puri (1951) and Mosley (1967),
and the ' functional correlation' of Carlquist are all terms that help merely to mask
the hoplessness of reaching exact conclusions regarding phylogeny.
In his eighteenth principle, Carlquist compares the classical theory of the flower
with the more modem ones. It is not clear whether he implies that the classical
theory is a pre-evolutionary one when he accepts that it was developed in terms of
gross morphology originally. The newer theories which are responses to situations
detailed by Carlquist, primarily aim at being phylogenetic but there being no exact
phylogenetic criteria, each one ends up in its one way and in the final analysis appear
unimpressive and poor in comparison to the classical theory which is based on the
more secure principle of homology.
The nineteenth principle is merely a corollary to the eighteenth, but in the twentieth, Carlquist seems unfortunately to demolish whatever he has built in the preceding principles, by doubting the feasibility of determining the functional relationship of vascular bundles or their adaptive nature--the central theme of his whole
article.
The use of teratology is dealt with in the last principle. This was an old procedure not much in vogue at present. The unnatural responses of the genome cannot be considered as helpful in interpreting the natural responses which evoke the
normal form of the plant body, and so there can be little disagreement with Carlquist
in this regard.
In summation it may be stated that the article of Carlquist written with the aim
of giving a new direction to angiosperm morphology, has not only failed to achieve
this but has also not been able to give anything more exact and concrete than what it
has criticised adversely. Neither does it provide any clear objective guidelines that
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would be o f help to morphologists to make the diseipline more dynamic, meaningful
and appealing, compared to the more modern disciplines o f molecular biology,
genetics, physiology etc.

3. Future scope
The aims o f m o r p h o l o g y was outlined in the first paper (Periasamy and Swamy
1977) in a general way. With the increasing realisation that phylogeny can no
longer continue to serve as the directive force o f morphology, morphologists seem
to be at a loss to locate any other unifying and directive force as potent as the concept o f evolution. So the pertinent question is what is needed to make morphology
more meaningful with regard to evolution, and whether morphology could become
a dynamic discipline without the agency o f evolution. These aspects will be taken
up in the next paper.
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