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Orchideae. According to Burns-~Balogh (1983}, the orchid
pollinium and its accessory structures has been a source of
major characters used in orchid systematics. However, to date
most studies have been descriptive, without specific
evolutionary goals. Comparative studies of related taxa are
necessary to realize the phylogenetic potential of pollen wall

morphology (Walker and Doyle, 1976).

An initial survey of the pollen surface ornamentation of the
Diseae {(Linder, 1986) prompted this more extensive investigation
of pollen morphology which is intended to critically assess the
systematic value of pollen data, and identifv the hierarchic
level at which pollen characters are taxonomically useful.

Since very little is known of the ultrastructure of the compound
massulate pollen of the group, elucidation of modes of cohesion
and general morphology are also part of the objectives of the
palynological study. In terms of conmgruence of pollen data with
the present classification, it is important to stress that

pollen morphology is also related to pollination syndromes.

Classic investigations of orchid anatomy include the works of
Holm (1908), Camus (1908), Mobius (1887), Hunecke (1904), and
Solereder and Meyer (1930) which are particularly cited

(Pridgeon, 1982: Rosso, 1966).
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2.0 THEORY OF CLADISTIC METHODOLOGY

Cladistic theory was originally formulated by the German
entomologist Willi Hennig in the 1930's. It was not until the
English translation of his work (Hemnig, 1965, 1966) that his
ideas received intermational recognition. Although the
theoretical foundations of cladistics have remained more or less
unchanged, in the last decade "transformed cladists”™ (Hull,
1984) have refined the methodology, not without much debate (see

Systematic Zoology, Vol. 28 in particular).

Certain restrictive premises have been rejected by the
"transformed" school. These are the strictly dichotomous nature
of speciation, the disappearance of parental species at
speciation, that species must be demonstrably monophyletic, and
that sister groups must receive equal ranking (Hull, 1984). The
approach of the new school of cladists is one that does not make
& priori assumptions about evolutionary processes, but rather
attempts to identify patterms of character distribution
empirically. Resultant cladograms are then used to make
hypotheses relating to phylogeny, evolutionary processes and
biogeography, thus aveoiding circular argumentation {(Linder,

1988)
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Cladistic methodology is essentially a procedure of pattern
recognition. These patterns mav be interpreted to reflect
phylogeny, in that they reflect diversity resulting from
character modification. The methodology is designed to search
for characters that unite taxa by unique common ancestry,
It is necessary to distinguish between cladistics and phylogeny,
as cladistics refers only to the cladogenic or branching
component of phylogeny (Linder, 1988), and not to evolutionary

change within a lineage, the anagenic component,



9.

3.} CHARACTERS AS TAXONOMIC INDICATORS

The term character, in systematics, 1is loosely used to cover
comparison of homologous conditions. "Homologue' was coined by
Owen in 1848 to describe the same parts of different organisms,
irrespective of specific differences in form and function, for
the purposes of comparative anatomy i.e. with no evolutionary

goals.,

There is no unequivocal definition of a character. Wiley
(1981), in his definition, stresses that a character is the
product of the evolutionary process. He defines a character as
"a feature of an organism which is the product of an ontogenetic
or cytogenetic sequence of previously existing features, or a
feature of a previously existing parental organism(s). Such
features arise iﬁ evolution by modification of a previously
existing ontogenetic or cytogenetic or molecular sequence."

In a simpler definition, Mayr (1969) defines a character as "any
attribute of a member of a taxon by which it differs or may
differ from a member of a different taxon." This definition is
close to Hennigs' (1966) and Pattersons' (1981), who equate
character with synapomorphy. In his treatment of morphological
characters and homology Patterson (1982) defines homology as the
relation which characterises monophyletic groups. Corollaries
to the role of homologies in distinguishing natural groups are

that synapomorphy and homology are the same, that every
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worthwhile proposal of homology is an hypothesis of a
monophyletic (natural) group, that homologies form a hierarchy,
and that paraphyletic (unnatural) groups are not characterized
by homologies. According to Patterson (1982), his definition of
homology in terms of monophyly circumvents the problems of
cladistic or evolutionary definitions which are based on common
ancestry, Neff (1986) suggests that characters are low level
hypotheses of polarity and homology, which can be tested against
empirical observations, against ontogeny, and against congruence
with other characters on a cladogram. For these reasons the
definitions of Patterson (1982) and Neff (1986} are
theoretically stronger than that of Wiley (1981), simply in

terms of their testability.

Patterson (1982) outlines three types of tests of homology.
These are: conjunction (the homologues may not coexist in one
organism), similarity (topographic, ontogenetic and
compositional) and congruence (with other homologies),
Congruence testing is based on the rationale that synapomorphies
are the only properties of monophvletic groups and therefore,
the test of an hypothesis of homology must be other hypotheses
of homology. Testing by congruence is also discussed by Wiley
(1975, 1976), Lovtrup (1977), Platnik (1977) and Gaffney

(1979).
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Congruence testing is the most powerful of the three tests, for
it is the only test that descriminates useful comparisons from

homoplasy (Patterson, 1982),

Testing is done in relation to phylogenetic relationships
founded on other characters. This is the major criterion in the
hypothetico~deductive mode implicit in cladistic methodology.
Non~homologous similarities are revealed by such tests as the
products of convergence or parallelism. Both phenomena are
encompassed by the term homoplasy and the difference between
these two types of similarity is one of degree of relationship.
Generally non-homologous similarity in closely related species
is the product of parallel evolution. Homoplasy results if the
common ancestor of two or more species did not have the
character in question, or if one character was not the precursor
of the other {(Wiley, 1981). A character which has evolved
directly from its preexisting homologue, i.e. the derived state,
is described as apomorphic. The character that arose earlier in
time, giving rise to the apomorphic state is the plesiomorph.
When primitive and derived characters are shared amongst taxa,
they are termed symplesiomorphic and synapomorphic characters
respectively. In the case of a derived character being in a
single taxon only, the state is defined as an autapomorphy

relative to that taxon.

At one level of the hierarchy a character may be a synapomorphy
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for a taxon or group of taxa, whereas at a lower level a state
of a particular character may define a group. In the latter case
the character state would be the synapomorphy defining the
particular taxon. In character amalysis, it is important to
bear this in mind as on cannot assess a priori the systematic
value of a particular data set or the hierarchical level at
which it will operate in the delimitation of taxa. Such levels
are termed "levels of universality” by Wiley (1981), and are the
root of the equivocality in the strict delimitation of
characters and character states. Conseguently, Patterson (1982)
circumvents this problem and agrees with Bock (1%974) who states
that "no distinction exists between characters and character
states. The latter are simply characteristics which may be
homologous with a more restrictive conditional phrase”.
Patterson (1982) argues further that symplesiomorphies are also
synapomorphies that are homologies that circumscribe a group
whose generality is wider than, and therefore irrelevant to, the
problem under study. He views symplesiomorphy and synapomorphy
as terms for homologies which stand in hierarchical relation to
one another, and emphasizes that "every worthwhile hypothesis of
homology specifies a hierarchy of groups."”That a particular
feature should be plesiomorphic does not mean that it is
irrelevant to the biology of the organism, but essential to the
cladistic approach is the need to make precise statements about
immediate common ancestry. For this reason synapomorphic

characters only are used to test phylogenetic hypotheses. They
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are the only characters capable of justifving or rejecting
statements of immediate common ancestry i.e. sister group
statements. The omission of plesiomorphic characters from
cladistic analyses also relates to the principle of overall

parsimony which is discussed below.

The criterion of phyvlogenetic position (Wiley, 1981) is used to
determine whether an alternate homologue is apomorphic, this is

tested by outgroup comparison.

In the process of character analysis and hypothesis testing
diagnostic characters are ideptified and it becomes élear that
all characters do not have the same power of taxonomic
resolution. In other words, there are good and bad characters
but the value of a character can only be assessed a posteriori,

in relation to the most parsimonious cladogram.

Farris' {(1969) unit character consistency c(i) is a measure of
fit of characters to cladograms. It is defined by the following
eguation:

c(i) = r(i)

1(5)

Where r{(i) is the range of the character i.e. the smallest value
that the patristic umit character length 1(i) (for that
character) can attain on any tree, or the difference between its

numerically least and greatest states, In this study, character

consistency is expressed as a percentage.
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In practical terms, character identification and analysis
involves the observation of a sample of the study group,
covering most of the expected range of variation. This is
followed by choice and foxrmulation of characters and character
states for initial generation of cladograms and subsequent
testing of hypotheses, The extent to which the biological and
structural properties of characters should be investigated is
equivocal., In some cases, a biological understanding of
structural features may improve homology postulates, character

state definitions and their polarization.

Since the identification of homologous characters and the
evolutionary polarization of character states is central to
cladistic analysis, these are implicit in the character coding
scheme. In non-additive characters any two distinct states are
taken to be separated by a single step. In such a character,
any state could lead to another and the basal state only, is
determined. As a consequence, the coding of a non-additive
character is coupled with a loss of evolutionary information.
In additive characters, evolutionary polarity postulates follow
a linear sequence from the primitive to the more advanced
states. Pastristic distances can therefore be established for

each apomorphic state.
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2.2, CHARACTER WEIGHTIRG

Mayr (1969) defines weighting as a method for determining the
phylogenetic information content of a character, He formulated
a classification of weighting criteria which include complexity
of structure which would in turn reflect developmental and
genefic complexity, joint possession of derived characters,
constancy through large groups, correlated suites of characters,
characters not associated with an ad hoc specialization,
characters not affected by ecological shifts. Empirical
methods, however are distinctly lacking for the determination of

such criteria.

In numerical taxonomic methods the weighting of characters is a
controversial issue. According to Neff (1986) "discrimination
between meaningful and meaningless characters is at the heart of
what many other taxonomists are addressing by their development
of criteria for character weighting." But, as Eldredge and
Cracraft (1980) point out, all characters are evolutionary
novelties at some level and the problem is finding the
characters and recognizing their level of significance in the
hierarchy. For this reason, the prevailing view amongst
cladists with regard to ad hoc weighting is that it should be
avoided by recognizing that all non-convergent i.e. homologous
characters are relevant to defining monophyletic groups at some

level., Wheeler (1986), however, argues that '"not weighting is
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one of the most subtle and influencial sources of weighting”
(arising from the number of character states and coding methods
used), and that some kinds of characters are inherently more
informative than others, and that finmally it is a problem of

definition as delimitation of characters can be problematic,.

Relative or differential weighting, on the other hand, is often
in accordance to a character's inferred information content,
Hecht and Fdwards (1976, 1977) assign different values to
different kinds of evidence, giving high weight to functional
complexes, and higher weight to unique innovations, and no

weight to lost characters,

Equivalence weighting (Wheeler, 1986) is based on the assumption
that all evidence is equally informative and should have an
implicit weight of one. For example, if a character is coded
for two or three times it should be deweighted, or if character
states are in fact apomorphies, the compound character should be
weighted, Wheeler states that "this form of weighting is
justified on its objectivity alone and on the knowledge that

correctly recognized characters are egually informative®,

Wheeler (1986) views ad hoc weighting as applicable to cladistic
analyses a posteriori and specifically in response to unresclved
homoplasy. Farris'{1988) autoweighting routine is a typical

form of a posteriori weighting,
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9.3 OUTGROUP COMPARISON

Two methods of determining the evolutionary polarization of
character states are widely used. These are the comparative or

putgroup method and the ontogenetic method.

The ontogenetic method is based on a combination of Haeckel's
Law of recapitulation (Jefferies, 1979), the biogenetic law, and
von Baer's Law of generality (Patterson, 1982), whereby the more
general state manifests itself in early ontogeny, with the
apomorphic change occuring later in the ontogenic sequence, In
other words, that ontogeny passes from the simple to the
complex, from the general to the particular. Patterson {(1982)
advocates that ontogeny is the decisive criterion in determining
polarity if it Jdepends on von Baer's Law of generality. In such
a context he suggests dropping the terms primitive and dexived,
and that a knowledge of or belief in evolution is clearly
unnecessary for the analysis of homologies. However, ontogeny
does not always provide unambiguous evidence of character

polarity (Kluge, 1985; Blackmore and Crane, 1988)

Cutgroup conmparison is widely regarded as one of the wmost
reliable and logically justified method of assessing character
polarity in cladistic analysis (Eldredge and Cracraft, 1980,
Nelson and Platnik, 1981, Wiley, 198], Watrous and Wheeler,

1981, Maddison et al, 1984),
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This method is based on the principle that, for a given
character with two or more states within a group, the state
pecurring in related groups (the outgroup or sister group) is
assumed to be the plesiomorphic state (Watrous and Wheeler,
1981}. Watrous and Wheeler (1981} qualify their definition by
pointing out that if both states of a two state character occur
in the taxonomic ingroup and also in the taxonomic outgroup, and
if the relative polarities of the two states in the outgroup are
unknown, then polarization of character states cannot be
immediately resolved by ocutgroup comparison. Additional
problems arise due to lack of resolution of the outgroups to
each other., A solution to these problems is to restrict the
analysis to only those characters that are uniform throughout

the composite outgroup but vary in the ingroup {(Cantino, 1982).

Qutgroups are selected from clades that originate below the
immediate common ancestor of the groups composing the ingroup,
preferably immediately below i.e. from the sister group.
Outgroup taxa may either be used to construct a single
hypothetical ancestor to the study group, or several outgroup
species may be specified to root the trees generated in the
cladistic analysis. This latter method is in keeping with the
suggestion of Donoghue and Cantino (1984) who advocate
simultaneous resolution of the outgroups plus the ingroup i.e.

the "global parsimony" approach of Maddison et al (1984).
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They view this method as most appropriate when one can assume
that the plausible outgroups plus the ingroups form a
monophyletic group. This method is also in keeping with the
HENNIG 86 program, which treats outgroups not as ancestors, but
as outgroups which on the basis of character analysis, may

eventually be included into the ingroup.
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3.% CLADOGRAMS AND PARSIMONY

Patterson (1982) views the cladogram as a summary of the pattern
of homologies, a synapomorphy scheme, or at best, a hierarchical
classification. A tree {pattern of descent) is a cladogram
modified by eliminating some of the branches, so that taxa lie
at or between nodes, and are so designated as ancestors. Sister
group relationships, or the relationship between terminal taxa
in a cladogram, are specifiable by homology, the homologies
characterizing the nodes linking the taxa. The role of homology

in phylogeny reconstruction is therefore limited to cladograms.

In cladistic analyses, the choice of characters and their states
is critical. Evolutionary polarization of states and hypotheses
of homology account for their theoretical content and central
role in the generation of cladograms. The low-level hypotheses
of homology and evolutionary transformation embodied in the
characters are used, subsequently, to test intermediate-level
hypotheses or cladograms. Characters are assessed by their
corroboration or incongruence with the cladogram. Analysis of
character state distribution provides potential tests of the
relationships of taxa showing the characters. Characters in the
data set that are incongruent with the most parsimonious tree
are redefined as cases of convergence or reversal. Farris
(1969) distinguishes the unit character consistency from the

overall consistency of a set of characters with a tree,



21.
He points out that overall consistency is not, in general, equal
to the mean value of the unit character consistencies of the

data set with the tree,

The principle of parsimony, as applied to cladograms, is based
on the philosophical argument of “Occam's razor" i.e. that the
simplest explanation is usually the most plausible. In other
words by selecting the shortest possible cladogram it is
assumed that, of altermative routes, evolution followed the one
that required the fewest reversals and instances of convergence
or parallelism, in other words a minimal assumption of

evolutionary change.

In computer-based cladistic analyses, which aim at finding
branching trees of minimum total length, it is common that large
numbers of possible cladograms are generated. If the aim of the
study is to eventually reconstruct a possible phylogeny, a
single tree must be selected, As there is only one sequence of
speciation, for a particular group, there cannot be two or more
trees that are correct for a particular group of taxa,

According to Wiley (1981), the incompatability of trees stands
at the base of phylogenetic testing, and results of character
analysis are the major bases for accepting one phylogenetic tree

over another.
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An altermative sclution to the problem of choosing amongst an
array of equally parsimonious trees is the use of the consensus
tree, originally devised by Adams (1972). It represents only
that information that is shared by all of the trees. According
to Adams (1972), the consensus is a conservative estimate of a
compromise classification, and any information not represented
in all the competing trees is not represented in the consensus,
If competing cladograms are all quite dissimilar, then the
consensus tree will contain very little information, whereas if
there is considerable agreement amongst rival trees, this will
be reflected in a well structured consensus tree. The advantage
of the consensus approach to choosing amongst competing trees is

that it yields a unique result,

Recently, the issue of choice among multiple equally
parsimonious cladograms has been addressed (Brooks et al, 1986,
Carpenter, 1988). Carpenter {(1988) points out that, although
the consensus tree represents a conservative classification, it
has less explanatory power since it is less resolved than any of
the competing cladograms from which it is calculated. 1In his
view, any of the competing cladograms would be a better choice

as a phylogenetic hypothesis or classification.

Clearly, the choice of methods must be in accordance with the

objectives of the study.
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Farris (1972) further suggests that incongruence between sets of
characters as assessed by cladistic techniques, can only occur
if homoplasy is present in at least one of the sets of

characters,

According to Mickevich and Farris (1981) a stable classification
from different sets of characters is sought in order to maximize
descriptive power., They stress the importance of congruence

studies in the identification of a single historical pattern and

in the evaluation of differences in grouping.

Congruence tests may be problematic if one or both cladograms
are not fully resolved i.e. if the data set is mnot effective in
resolving taxa at the required level of the taxonomic

hierarchy. Also, there is the question of arbitrary versus
distinct resolutions. This relates to the degree of confidence
one has with regards to the synapomorphies determining branching
of the cladogram, Distinction must be made between good and bad
characters and trees should only be computed with the

uninformative characters left out,

Mickevich and Farris (1981) use a "distortion index" as a
measure of congruence. This provides a measure of the degree to
which a tree departs from a reference tree. They reject
counting the number of informative groups on a consensus tree
because consensus trees lack information since they represent

information which is consistent with wmultiple original trees.
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3.l LEAF ARATOMY METHODS

3. LI MATERIALS ARD HISTOLOGY

62 species (43 of the Disinae, 18 of the Coryciinae, two of the
Orchideae and a single species of the Satvriinae) were sampled
for the leaf anatomical study. Fresh leaf material was mostly
collected in the field and some was obtained from the
Kirstenbosch National Botanic Gardens (NBG). Leaves were fixed
and preserved in FAA (Formalin Acetic Alcohol). The sampling of
leaves was standardized to obtain material of comparable parts
of the leaves from the same parts of plants to ensure that
anatomical observations were carried out on homologous tissues,
Due to limited material for certain species as well as the
variability in leaf shape and size, absolute comparability was

not always possible,

Freehand sections of a selected sample were made for an initial
survey of the study group. These were stained in toluidine blue
which gives good contrast and shows differentiation of tissues,
Temporary sections were mounted in water and the slides were
sealed with lacker. Sections for peymanent mounts were cut to
an approximate thickness of 60-90 um using a Reichert freezing

microtome, Safranin {Johansen,
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1940) and Alcian Blue 8 GX were used in combination (Tolivia and
Tolivia, 1987) to provide differential staining of tissues.
Staining was followed by dehydration in an ethanol series to

xvlene, and sections were mounted in DPX mountant.

Permanent and temporary slides of adaxial and abaxial epidermal
scrapes were made according to the method of Cutler (1%78)
whereby a blade is used to scrape away unwanted leaf material
from leaves in the presence of Sodium hypochloriﬁb, leaving
behind the upper or lower epidermal layer. In the case of
temporary mounts, surface scrapes were stained with toluidine
blue, permanent mounts were stained in the same solution as
transections through leaves. Specific stains for cuticular
preparations were not used, nevertheless staining proved

adequate for the objectives of the study,
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For each specimen, 10 measurements were taken of each
gquantitative character, In the anatomical descriptions, only
the mean of these readings is reported., For the multivariate
analyses, raw measurement data were log-transformed to minimize
variance, thereby reducing the effect of size, and used as the

basic variables,

Data were divided into subsets by establishing homogeneous
groups using the Student-Newman-Keuls test for the Analysis of
Variance {SAS AROVA procedure; SAS Institute 1985). A critical
value , alpha = 0.5 was chosen to establish homogeneous or
discriminant groups. Homogeneous subset coding (Simon, 1983,
Archie, 1985) was used to code the subsets into discrete
multistate variables from the (generally) overlapping
homogeneous subsets. This was done by ordering the species were
ordered log-transformed means for each character. A state of 0
was assigned to the species with the smallest value the variable
{or largest dimension)}. For successive species, the coding
value was increased by 0.5 if an homogeneocus subset was left or

a new one entered,

In order to accommodate the large size of the sample, several
coded subsets were grouped together to reduce the mmmber of
groups formed for each character. A maximum of ten states are
permissible in the HERNIG 86 (Farris, 1988) cladistics program.
Loss of information may have resulted from reducing the number
of groups obtained by this method. Theoretical papers dealing
with the use of measurement data in cladistic analyses (Thiele
and Ladiges, 1988; Goldman, 1988; Simon, 1983 and Archie, 1985)
mostly use small data sets in their methodological descriptions
and no alternative solution for dealing with large data sets

could be found in the literature.
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The aim of fixation procedures is to preserve ultrastructural
features with minimal alteration and loss of cell constituents.
Protection of fine structure against déhydration, sectioning,
staining, and exposure to the electron beam necessitates
chemical fixation whereby the structure of proteins, lipids and
other cell constituents is preserved. Fixation is carried out
at low temperatures to decrease the extraction of cell
constituents and slow down the rate of autolysis. In living
tissue, water plays an important part in the stability of
chemical bonds., During fixation, the structural role of these
bonds is replaced primarily by the formation of inter- and
intra-molecular crosslinks of protein. As a conseguence,
proteins are denatured, loosing solubility and mobility, and
becoming less suscepiible to precipitation and crystalization
{Hayat, 1981). The rapidity of penetration and ability to fix
most proteins without coagulation makes GLUT a widely used
prefixative. In contrast, Osmium tetroxide penetrates more
slowly, and is used to stabilize lipids and some proteins, and
as a heavy metal, it gives density (electron opacity) to the
tissues it fixes, Both fixatives are additive, so termed

because they chemically become part of the proteins they fix,
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Material was dehvdrated prior to infiltration and embedding of
specimens in a water—-insoluble resin, In this process, free
water in the tissues is replaced by a suitable organic solvent.
Ethanol was used here and the dehydration procedure was carried

out as follows:

25% ETOH/HL0 15 mins.

50% 15 mins.
70% 15 mins.
100% 45 mins,

100% (over molecular sieve) 45 mins.

The choice of resin is largely determined by the tvpe of
material and the objective of study. Spurrs' (1969) resin was
used primarily because of its good penetration properties (low
viscosity), an important attribute in the light of the hard and
resistant nature of pollen walls, The trade off in this choice
is the brittleness of this resin which may cause problems during
sectioning., For this reason, the exact amount of resin
components, and catalyst in particular, and careful monitoring
of cure timing and temperature are of utmost importance in
obtaining a specimen block with the desired cutting properties
i.e, homogeneity, hardness, strength and elasticity. In
addition to these properties, the resin must withstand the high
vacuum of the specimen chamber and be thermostable during

electron bombardment,
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The guality of the cutting edge is critical in obtaining good
ultrathin sections. Glass knives were used. These have good
sectioning qualities provided that they are regularly replaced
and that the useful cutting edge is evaluated before use. An
LKB Knifemaker was used to fracture triangular glass knives with
a 45 diagonal break, termed the knife angle. These were
prepared just prior to sectioning to minimize any dust damage or
any other damage to the cutting edge. The length of useful edge
is assessed using a dissecting microscope. Striations and

imperfections scatter light and are easily observed,

Trimming and preparation of the specimen block involves the
removal of excess embedding medium around the tissue at the tip
of the block. AaAn LKB Pyramitone was used for this purpose.
Prior to final trimming, thick sections were cut until the
desired area of the specimen was exposed. Semi~thin survey
sections of an approximate thickness of 4 um were cut with the
pyramitone from the incompletely trimmed specimen blocks. These
were placed on glass slides and warmed in drops of water to
remove wrinkles as well as for adhesion of sections to the
slide. . Toluidine Blue in 1% Borax was used for differential
staining of the survey sections. These were used to select the

part of the specimen to be used for the ultrathin sections.
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Final trimming involves shaping the tip of the block into a
trapezium to facilitate ribbon formation during sectioning.
Compression and distortion of ultrathin sections is minimized
provided that the specimen block face is kept fairly small.
Blocks were prepared with a trapezium~shaped tip with sides of

approximately 0.5 mm.

Ultrathin sections were cut using a Reichert OM U2
Ultramicrotome. Trimmed specimen blocks were mounted into the
specimen holder with the long side of the trapezium uppermost,
and a plastic boat was mounted onto the kni&é and sealed with
dental wax., The boat was filled with distilled water until the
meniscus was more or less flat and reached up to the cutting
edge, to provide a floatation fluid for the ribbon. The surface
tension forces of water also serve to restore sections to almost
their original dimensions after being compressed during cutting.
The knife was mounted into the knife holder with its cutting
edge inclined at an angle to the face of the specimen block.

The clearance angle was set at 4 , preventing the block face
from scraping the back of the knife after cutting a section.
After mounting the knife and setting the knife angle,

ad justments were made to align the knife to the block face.
These involve getting the block face and knife edge parallel to
each other, moving the knife stage laterally so that the useful
part of cutting edge comes in line with the face of the specimen
block, and bringing the cutting edge close to the block, so that

it almost touches the block face,
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The entire process was viewed through a binocular microscope
mounted onto the front of the ultramicrotome, The approach of
the knife to block face was carefully controlled until the edge
produced a single bright image on the block face. At this stage
section cutting can begin. Section thickness was controlled by
a thermal feed, and estimated by the interference colours of
sections as they floated onto the liquid. The colours produced
are related to section thickness and the refractive index of the
sectioned resin and specimen. Cutting speed and section
thickness were varied while cutting to obtain "Gold" sections of
approximately 90150 nm. Throughout the cutting process, the
quality of sections was closely watched and the correct meniscus
level maintained by adding or removing small amounts of water,

using a fine-tipped glass pipette.

Once satisfactory sections were obtained and prior to collecting
the ribbons, sections were exposed to the fumes of an organic
solvent which acts as a section flattener, eliminating foldings
or crumples caused by compression forces. This was done by
bringing a small stick dipped in chloroform over the trough,
taking care that the applicator stick did not carry too much
solvent as this can result in overexpansion and consequent
distortion of the specimen., Sections were collected on 300 mesh
coppey grids. The unpolished sides of the grids were used to
1ift specimens, from below, off the water. Grids were left to

dry on filter paper, and covered to avoid contamination.
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In the photomicrographs obtained using the TEM, contrast is
achieved through the differential scattering of electroms which
arises almost entirelyrfrom differences in density and thickness
of the specimen. Other factors such as the accelerating voltage
{KV) and microscope aperture size alsc affect contrast; small
apertures and low voltages give greater contrast at the expense
of resolution., Solutions of heavy metals of high atomic number
are effective as electron stains, They provide electron opacity
selectively by increasing the mass or density of those sites
onto which their ions bind. Lead salts are the most widely used
stains for electron microscopy, they have high electron opacity
and show affinity for a range of cellular structures (Hayat,

1981). Uranium is the heaviest metal used as an electron stain.

In a double poststaining procedure, sections were stained with
millipore-filtered uranyl acetate followed by Reynolds'(1963)
lead citrate, Lead citrate is a problematic stain. Upon
exposure to C0,, & lead carbonate precipitate forms and can
cause considerable contamination of specimens. For this reason,
the distilled water used to make up the solution was boiled, to
expell CO, and care was takem reduce exposure of the staining
solution to atwospheric C0;. Sodium hydroxide pellets are

often used, under a petri dish, for this purpose.
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The duration of staining depends on the rate of absorption of
metal ions, the formation of precipitates in staining solution,
and the possible extraction, by the stain, of cellular material
(Hayat, 1981}, For these reasons staining time is kept as short
as possible. Generally, the thinner the section, the longer the
staining duration required. Grids were floated section side
down, for four minutes on drops of the staining solutions and
rinsed three times in distilled water following each staining
treatment. These were left to dyy on filter paper, ready for

viewing.

Specimens were viewed with a Jeol 200CY Transmission Electron
Microscope at an accelerating voltage of 80 KV, and photographed
at magnifications ranging from 6200 to 27 000 times. & low
accelerating voltage was chosen to maximize contrast (at the
expense of resolution}., This was in keeping with the objective
of this study which was to identify pollen wall stratification

and structure,
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39.

SCANNING ELECTRON MICROSCOPY (SEM) OF POLLEN SURFACES

The pollen surface ornamentation of 86 species, representing
five genera of the Disinae, six genera of the Coryciinae, two
species of Huttonaea (presently classified in the Tribe
Orchideae), one species each of the genera Bonatea and Habenaria
(Orchideae), and Satyrium (Satyriinae) were examined using

scanning electron microscopy (SEM).

Air~dried pollen material was obtained from specimens housed at
the Bolus Herbarium (BOL). The pollinia were broken apart and
individual massulae were mounted on aluminium stubs using a
colloidal-graphite glue (Witcomb, 1985). Stubs were
sputter—-coated for approximately eight minutes with a

gold/palladium alloy.

Pollen was examined using a Cambridge 5200 scanning electron
microscope at an accelerating voltage of 5 Kev, and photographed
at magnifications of 1000 and 5000 times. Higher and lower
magnifications were used for certain details such as fractures

or entire massulae,

The terwinology used to describe surface sculpturing is adapted
from that of Kremp (1965) and combined with the definitions of
Walker (1976) to encompass both the structural and sculptural

aspects of pollen wall morphology.



4.0 ARALYSIS

Temporary sections were used for a rapid assessment of the
variability in leaf anatomy im a sample of the study group, On
the basis of initial observations of leaf sections and surface
scrapes, a preliminary list of characters and character states
was drawm up. The data-banking program DELTA (Dullwitz and
Paine) implemented on a Bondwell PC 38 was used as a primary
data bank, from which draft descriptions were generated using
the TONAT routine, In addition, INTKEY and TOPAU were used to
extract data for character matrices used in thé numerical

analyses,

Por the cladistic analysis HENKIG 86 (Farris, 1988) was used,
Due to the large number of taxa IE* (implicit enumeration) was
not practical, and the MHENNIG* was used to find the shortest
tree, and to generate the full set of egqual length trees.
Initially cladograms were rooted using separate hypothetical
ancestors for the Disinae and Coryciinae. The construction of
such hypothetical taxa proved problematic due to the nature of
the variation in leaf anatomical characters. Problems of coding
arose when attempting to establish distinct states in
continuously variable characters such as shape and size of
cells, degrees of ligpification of tissues, and degree of arm
cell development in the mesophyll. In addition, several

characters did not vary in the study group {(collateral vascular
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bundles, anomocytic stomata and the presence of crystal raphide
idioblast cells) and these were not coded. Finally, outgroup
taxa differed from each other in potentially useful characters
such as cuticular sculpturing and enlarged adaxial epidermal
cells so that hypotheses of character evolution could not be

made with confidence.

Table 3.4.,A, Leaf anatomy characters coded in data matrices

for cladistic and phenetic analyses.

0) epidermis ornamentation (O=none, l=papillae)

1) sculpturing of cuticle (O=psilate, l=striate,
2=micropapillate, J=reticulate)

2) anticlinal walls of adaxial epidermal cells undulated (0) or
straight (1)

3) anticlinal walls of abaxial epidermis undulated (0=ves,

i=no)

& 3

4) siomatal distribution (0=leaves amphistomatic, l=leaves
hypostomatic)

5) bundle sheath of primary vascular bundle (0=absent,
l=parenchymatous, 2= sclerotic)

6) adaxial sclerenchyma caps at pole of primary vascular
bundle {(O=present, l=absent)

7) abaxial sclerenchyma caps ét polé of primary vascualr
bundle {(O=present, l=absent)

8) number of secondary vascular bundles (0=0, 1=2, 2=4, 3=6,

4=8)
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9} bundle sheath of secondary vascular bundles (0=absent, l=
parenchymatous, 2=sclerotic)

10) adaxial sclerenchyma cap at pole of secondary vascular
bundles (O=present, l=absent)

11) abaxial sclerenchyma cap at pole of secondary vascular
bundles (O=present, l=absent)

12) number of tertiary vascular bundles (0=1 to 5, 1=6 to 10,
2=11 to 15, 3=16 to 20, 4=21 to 30, 5=31 to 40)

13) bundle sheath of tertiary vascular bundles (0=absent,
I=parenchymatous, 2=sclerotic)

14) adaxial schlerenchyma caps in tertiary vascular bundles
(0O=present, l=absent)

15) abaxial schlerenchyma caps in tertiary vascular bundles
{O=present, l=absent)

16} total number of veins (0=1 to 10, 1=11 to 15, 2=16 to 20,
3=21 to 30, 4=31 to 40, 5=41 to 50)

17) expansion cells at widrib (O=present, l=absent)

18) striate cuticle across anticlinal walls of epidermal cells
{O=present, l=absent)

19) adaxial epidermal cell size reduced at midrib (O=yes, l=no)

20) adaxial epidermal cell size reduced at secondary veins
{0=yes, l=no)

21} sclereidal leaf margins (0=present, l=absent)

22) photosynthetic tissue (0=homogeneous, l=differentiated)

23) seriation of palisade tissue (0=] tier, 1=2 tiers)
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24) degree of arm cell development (O=rounded, l=less rounded,
2=arm-like, 3=well developed arm cells, 4=extremely well
developed arm cells)

For characters 25 to 30 and 32 to 33 numbers correspond to

homogeneous subset codes,

25) length of adaxial epidermal cells (0=1, 1=2, 2=3, 3=4, 4=5,
5=6, 6=7, 7=8)

26) width of adaxial epidermal cells (0=1, 1=2, 2=3, 3=4, 4=5,
5=6, 6=7, 7=8, 8=9)

27) length to width ratioc of adaxial epidermal cells (0=1, 1=2,
2=3, I=4, 4=5, 5=6, 6=7, 7=8, B8=9)

28) length of abaxial epidermal cells (0=1, 1=2, 2=3, 3=4, 4=5,
5=6, 6=7)

29) width of abaxial epidermal cells (0=1, 1=2, 2=3, 3=4, 4=5,
5=6, 6=7, 7=8)

30) length to width ratio of abaxial epidermal cells (0=1, 1=2,
2=3, 3=4, 4=5, 5=6, 6=7, 7=8)

31) depth of adaxial epidefmal cells (O=presence of adaxial
water storage tissue, l=absence of enlarged adaxial
epidermal cells)

32) depth of abaxial epidermal cells (0=1, 1=2, 2=3, 3=4, &4=5,
5=6, 6=7)

33) long axis of spongy mesophyll cells (0=1, 1=2, 2=3, 3=4,
4=5, 5=6, 6=7, 7=8)

34) stalked glands (0O=absent, l=present)

35) unicellular hairs (0O=absent, l=present)

36) leaf ribbed (O=no, l=yes)

37) midridb with prominent parenchymatous keel (0O=no, l=ves)
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Detailed coding for amalysis at the subtribal level was not

possible due to a high degree of heterobathmy,.

In an attempt to reduce "noise” in the data set various
characters were excluded during initial analyses., However, in
the final cladogram most characters were included, The final
cladogram was rooted using specified outgroup species from the

Orchideae and Satyriinae.

For the phenetic analysis NTSYS-pc (Rohlf, 1988) was used. The
data were standardized (STAND), and the taxonomic distance (DIST
option of SIMINT) algorithm was used to determine the
dissimilarity coefficients among the OTU's. The 0TU's were
clustered using UPGMA (in SAHN for SIMINT and SIMQUAL) to
produce the phenograms., The goodnegss-of-fit of the phenogram
(produced by SIMQUAL) to the dissimilarity matrix was determined
by calculating the cophenetic matrix of the phenogram (COPH),
which was then correlated with the original dissimilarity matrix
{MXCOMP), To test the hypothesis that the data are scattered, a
correlation of the standardized data was calculated (STAND, CORR

in SIMINT).
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Following both SEM and TEM observations of pollen, a preliminary
list of characters was compiled to allow the coding, in a data
matrix, of the observed variability in pollen wall morphology of
the study group. Initial hypotheses of character homology were
tested by observing their congruence with taxonomic groups.
Evolutionary polarization of character states was based on the
outgroup criterion, In the multistate characters used, the
symplesiomorphic state was identified, but various states were
not polarized further. Due to the nature of pollen data, many
of the character states identified were coded as non-additive,
as evolutionary polarization was not possible in a linear
sequence without a priori phylogenetic consideration. This may
have resulted in some loss of information but was necessary in
order to avoid false hypotheses of character evolution, and the
circular argumentation of relying on the present phvlogeny to

assess the direction of pollen character evolution,

Table 3.4,B. Pollen characters coded in data matrices for

cladistic analysis.,

0} Shape of massulae {(non-additive, equivalence weighting 3):
0 ~ rounded
1 - elongated

2 - fasciculate
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1) Tetrad shape:
0 - more or less isodiametric
1 - elongated
2) Basic exine sculpturing category (nop-additive, equivalence
weighting 3):
0 - semi~tectate reticulate exipe (including variations
i.e hamulate, ornate)
1 - semi~tectate rugose or verrucose exine
2 - secondarily tectate exine with psilate, striate,
rugulate, punctate or foveolate pattern
3) Reticulate sculpturing (non-additive, equivalence weighting

5):

(=
i

reticulum with muri and inter-mural spaces small
and evenly distributed.
1 - reticulum with slight depressions instead of open
lumina
2 - reticulate with broken down muri and free baculae,
3 - ornate or loosely reticulate, with large often
pilate or baculate lumina
4 - hamulate, with supra-tectal elaborations on the
muri
4} Exine sculpturing of semi-tectate, non-reticulate pollen:
0 ~ rugose

1 -~ verrucose



5)

6)

7)

8)

9)

10)
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Exine of secondarily tectate grains {(non-additive.

eguivalence weighting 4):

0 -~ psilate

1 - striate and pérforated by foveolae or punctae
2 - rugulate

3 -~ granulate

Supra-tectal orpnamentation:
0 - granulae
1 -~ fine rugules
Pilae, or pilate structural sculpturing elements (columella
homologues):
0 - absent
1 - present
Baculate structural sculpturing elements {(columella
homologues) :
0 - absent
1 - present
Foveolate perforations in tectate grains:
§ ~ absent
1 - present
Punctate perforations in tectate grains:
0 -~ absent

1 - present
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11) Margins of tetrad distinct and slightly raised
{non-additive, equivalence weighting 3):
0 - no
1 - yves, in semi-~tectate grains
2 - yes, in tectate grains
12) Foveclate perforations in semi-tectate grains (eguivalence
welighting 3}):
g ~ absent
1 - present
2 ~ present such that tectum appears to be broken down,
leaving free baculae
13} Punctate perforations in semi-tectate grains:
0 - absent

1 - present
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The data matrix was broken up into three smaller matrices since
problems arise when a large number of species are analysed on
the basis of relatively few characters. Two species level
matrices were constructed for the subtribes Disinae and
Coryciinae., A third matrix was used to test the value of
palynological data at the subtribal level using genero

as taxa. In each analysis, several species from
the Orchideae and a representative of the Satyriinae were used
to root the tree, When analysing species of the Disinae,
representatives of the sister group (oryciinae where designated
amongst the outgroup taxa, likewise for the Coryciinae where

genera of the Disinae were included amongst the outgroup taxa.

For the cladistic analyses the MHENNIG* and BB* options were
used in the species level analyses. Implicit enumeration IE*

was used for analysis at the generic level.
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5.0 RESULTS AND DISCUSSION
5.1 LEAF ANATOMY

5.1.1 OBSERVATIONS AND ANALYSIS OF LEAF ANATOMICAL CHARACTERS

Full descriptions of species are included in Appendix 3, and a
sample are illustrated in Figures 5.1.1.4 to 5.1.1.P to show the

observed variation in the leaf anatomy of the study group.





















DISINAE

DISA SECTION DISA

D. uniflora

D. unifliora

D. uniflora
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Figure 5.1.1.6

Leaf anatomy in the Disinae: Disa section Disa. Disa uniflora

has parenchymatous extentions at the midrib and seconadary ribs
{a), primary vascular bundle with parenchymatous bundle sheath
(b), Hypostomatic leaf has adaxial water storage and homogeneous
chlorenchyma (¢}, adaxial (d) and abaxial (e) cuticles are

psilate,
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small crescent-shaped leaves similar to that of Pachites

bodkinii.

In the Disinae, Brownleea and Schizodium lack enlarged adaxial
epidermal cells. Monadenia, with the exception of Monadenia
bracteata, possesses enlarged adaxial cells, but in this genus,
they are always pilerced by adaxial stomata which in other taxa
do not co-occur with the adaxial water storage tissue, Disa
section Micranthae typically possesses an enlarged adaxial
epidermal layer whilst the other sections tend to be wvariable

with regard to this character,

The remaining morphometric characters associated with the
epidermis tend to vary considerably. HNo patterns consistent
with the present phylogeny were found for the following
characters: adaxial and abaxial epidermal cell lengths, adaxial
and abaxial epidermal cell widths, adaxial and abaxial epidermal

length to width ratios, abaxial epidermal cell length.

Unicellular hairs, multicellular glands and epidermal papillae
Additional anatomical features associated with the epidermis are

the presence of unicellular hairs found in Disa vaginata and D.

glandulosa, the latter also has multicellular stalked glands.
Epidermal papillae were noted in species of Disperis and

Ceratandra.
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Cuticular sculpturing
In surface view the outer periclinal walls of the epidermis are
covered with a cuticle which in many cases is sculptured.
Several cuticular sculpturing patterns were observed in the
study group, Two non-homologous sculpturing characters were
identified, The first is the presence (or absence) of
striations across the anticlinal walls of adjacent epidermal
cells. These striations were observed in the outgroup species

Habenaria laevigata and in several species of the ingroup

including species of Disa sections Disa, Phlebidia, Hircicornes
and Stenocarpa. They are also present in species of Monadenia

i.e. M. ophrvdea, M, atrorubens and M. bracteata. In the

Coryciinae striations across anticlinal walls of the epidermis
occur in conjunction with striate cuticular sculpturing in

Corycium crispum and Anochilus hallii.

Cuticular sculpturing in the study group is variable, ranging
from micropapillose to reticulate, striate or absent (psilate).
The psilate cuticle is thought to be a derived condition and

appears in several genera including Schizodium, Evota and

Disperis (except D. fanniniae which is slightly striate).

Psilate cuticles were also noted in C. dracomontanum, C.

nigrescens, €. rubiginosum, Pterygodium volucris and P.

acutifolium.
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The Coryciinae can be characterized by the possession of either
striate or smooth cuticles, whereas the Disinae show
considerable variation in cuticular patterns with little pattern
consistent with the present classification. Two sectiqns of
Disa, however, are uniform in their sculpturing patternms.
Species of Micranthae have reticulate cuticles and in Stenocarpa

cuticular sculpturing is striate,

The polarization of the different states of cuticular
sculpturing was problematic as there is considerable variation

in the outgroup species. Schizochiles flexuosus is

micropapillose and Habenaria laevigata reticulate, with

striations across anticlimal walls. In the Satyriinae, Satyrium

erectum is striate and in Pachites bodkinii the cuticle is

micropapillose.

PHOTOSYNTHETIC TISSUE AND STOMATA

Mesophyll

A range of variation was observed in the mesophyll of the study
group. The outgroup species all have an undifferentiated
mesophyll, consequently an homogeneous chlorenchyma is
postulated to be the plesiomorphic condition. The Corvciinae
also typically have undifferentiated photosynthetic tissue
although there is considerable variation in the degree of arm

cell development, Disperis villosa is exceptional in the
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Dimensional characters relating to stomatal lengths, widths and
length to width ratios were omitted in the final analyses as
they did not vary sufficiently between taxa to provide any

worthwhile information.

Stomatal distribution did, however, show some trends. In the
outgroup species, stomata were in most cases (with the exception

of Pachites bodkinii) restrictéd to the lower leaf surface, and

hypostomatic leaves are thought to be plesiomorphic in the study

group. Anochilus, Brownleea and Disa sections Micranthae and

Hircicornes have hypostomatic leaves. Amphistomatic leaves are

characteristic of Monadenia, Schizodium and Evota. In the rest

of the study group there was much variation in the distribution
of stomata. It is only in Monadenia that stomata pierce the
enlarged adaxial epidermal cell layer. 1Im all other species
which do possess an adaxial water storage tissue, stomata are

restricted to the lower leaf surface,

VASCULAR BUNDLES

Vascular bundles, bundle sheaths and sclerification

Vascular bundles are collateral throughout the study group,
mostly with parenchymatous bundle sheaths surrounding them.

The subgenus Stenocarpa, of Disa, which includes the sections
Amphigena, Stenocarpa, Coryphaea, Emarginatae and Austroalpinae
have variously lignified vascular bundles and bundle sheaths.

In Disa tenuis (Amphigena), the vascular bundles are entirely
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surrounded by a fibrous bundle sheath. Disa tysonii (Repandra)
has some sclerenchymatous cells at the poles of the primary
vascular bundle. Disa section Stenocarpa consistently has fibre
caps at the poles of primary and secondary vascular bundles. In
smaller (tertiary) vascular bundles sclerification is either
absent or reduced to phloem fibre caps. In section Stenocarpa,
sclerification of vascular bundles is coupled with the presence

of sclerified leaf margins. Herschelianthe spathulata alse has

sclerified vascular bundles and leaf margins. In all other
species vascular bundles are unsclerified, and sclerification of

vascular tissue is thus regarded as an apomorphic condition.

Sclerification associated with the vascular bundles is mostly
absent in the Coryciinae, but Ceratandra is characterized by the
possession of fibre caps at the poles of primary and secondary

vascular bundles,

Size classes of veins

Veins were divided into three size classes: primary, secondary
and tertiary. The number of veins were counted and included in
the analysis although they probably reflect leaf size rather
than show any pattern consistent with the present phylogeny of

the study group.
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Ribbed leaves and parenchymatous keels
Other characters associated with veins are the ribbed leaves

found in Corycium dracomontanum and C. nigrescens and prominent

parenchymatous keels at the midrib and secondary veins as noted

in Disa uniflora. Parenchymatous tissue at the midrib and leaf

margins was noted in Habenaria laevigata.

LEAF ARTICULATION MECHANISMS

Expansion cells

The presence of "expansion cells" on the adaxial side of the
midrib is interpreted as functioning in leaf movement. These
thin-walled parenchymatous cells are present on the adaxial side
of the midrib and are thought to expand and contract in response
to hydration status. The sclerophyllous leaves of Disa section
Stenocarpa all have such cells at the midrib. In addition
several other species of Disa (D. versicolor, D. tysonii, D.
englerana, D. filicornis and D. sankeyi) also have this
leaf-folding mechanism. Expansion cells were noted in Habenaria

laevigata, Monadenia sabulosa and Brownleea parviflora and, in

the Coryciinae, Corycium dracomontanum. With the exception of

species of section Stenocarpa this character appears across the

genera in some of the large-leaved species.
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Reduced cell size at midrib and secondary veins
Another character which might be associated with folding of
leaves is the presence of relatively small adaxial epidermal
cells at the primary and secondary veins of species which
possess enlarged adaxial epidermal cells. Although this
reduction in cell size does not occur in the outgroup species it
cuts across genera and sections of the in-group and is
characteristic of the genera Corycium (with the exception of C.

rubiginosum), Anochilus and Pterygodium,

RAPHIDE IDIOBLASTS

Idioblast cells containing raphide crystals are ubiquitous in
leaves of the study group. They have also been noted in tubers
and roots. Crystal raphides are mostly found in single
idioblast cells not much larger than surrounding cells. They
differ in Brownleea where they are enlarged and aggregated in
files of tubular, mucilage-filled cells, each containing a

cluster of raphides.
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5.1.2 CLADISTIC AND PHENETIC ANALYSES OF LEAF ANATOMICAL DATA

In the cladistic analysis, the tree was rooted by specifying

Habenaria laevigata, Schizochiles flexuosus and Satyrium erectum

as outgroup taxa. The hypothetical ancestor to the study group
was included simply to test hypotheses of character polarity
used in initial analyses. The analysis placed this hypothetical

taxon near the root of the tree.

Very little pattern emerged from this analysis using the
MHENNIG* routine. The nelsen strict consensus tree, tree
characteristics, and character consistency indices are shown in
Fig. 5.1.2 A. Only species of Disa section Stenocarpa (D.
cephalotes, D. cephalotes ssp. frigida and D. nivea) and species

of Schizodium (S.cornutum, S. bifidum, S. obliquum) remained

grouped in the consensus tree. The Coryciinae, particularly

Corycium, Anochilus and Pterygodium tended to collapse into a

single undifferentiated group when their leaf anatomical
characters were subjected to cladistic analysis. This lack of
resolution is due to the fact that taxa are virtually

indistinguishable in their leaf anatomy.

Suites of correlated characters are lacking in the data set. In
the Disinae in particular, there is little correlation between
the various components of the photosynthetic apparatus e.g.
leaves with differentiated palisade may be hvpo- or

amphistomatic. In the cladistic analysis, characters related to
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the photosynthetic apparatus showed low consistency indices with
respect to the cladogram (stomatal distribution 5 %,
differentiation of photosynthetic tissue 5 %, degree of arm cell
development 8 %, length of mesophyll cells 11 %). The presence
of a leaf articulation mechanism in the form of expansion cells
at the midrib, and reduced cell sizes at the midrib and
secondary veins of leaves with enlarged adaxial epidermal cells,
also proved to be "bad" characters with equally low consistency

indices.

The only characters showing fairly high consistency indices were
autapomorphies i.e. characters unigque to a species, and
characters relating to the sclerification of vascular bundles of

species of Disa section Stenocarpa.

When morphometric characters alone were used during preliminary
analyses, a chaining branching effect was produced. It was
concluded that measurement data contained litte phylogenetic

information.

Results of the phenetic analyses, which were used in an attempt
to cluster similar leaf types or "adaptive syndromes", were
unsuccessful and widely different leaf tvpes were grouped

together. Phenograms are shown in Figures 5.1.2.B & C.
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Morphometric characters were correlated to each other in fairly
obvious ways. Lengths and withs of cells of abaxial epidermis
correlated with those of adaxial epideymis, the depth of the
adaxial epidermis was correlated to the width of adaxial
epidermal cells (0.737) (deep cells usually being wide).
Unicellular hairs were correlated with the presence of
multicellular glands but these two features co-occur on Disa
glandulosa only, and can therefore be expected to be highly

correlated,

As (Abbot et al, 1985) point out, high correlations may mean
that the variables are simply redundant i.e. that they are two
measures of the same phenomenon. This is probably the case in
the sclerification of vascular bundles, which accounted for many
of the high character correlations e.g. adaxial and abaxial
fibre caps in the primary vascular bundle had a correlation
coefficient of +1. Abbot et al (1985) further suggest that the
use of correlated characters is essentially equivalent to
weighting certain characters, and that using characters known to
be correlated is essentially a form of a priori weighting. On
the other hand, significant positive correlations between
characters reflect a stable association which is presumably
genetically based and might constitute desirable taxonomic
information. If seemingly unrelated characters such as
sclerification of vascular tissue were correlated with the

presence of expansion cells at the midrib, and an homogeneous
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chlorenchyma, this would serve to identify the xeromorphic
syndrome shared by species of section Stenoccarpa, for example.
This form of character correlation would then be useful.
However, possibly due to the large amount of taxa and use of
many ""bad" characters, noise in the data set precluded the
identification of any "leaf types" or "adaptive syndromes" using

numerical methods.
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5.1.3. SYSTEMATIC IMPLICATIONS OF LEAF ANATOMY

Leaf anatomy does not provide many unequivocal apomorphies for
resolving taxa at the three hierarchic levels considered here,
Nevertheless, certain trends were identified. These are
summarized in Fig. 5.1.3.A. where leaf anatomical characters are
shown in the context of the present phylogeny of the group. The
picture that emerges is unclear and reflects to some extent
results obtained by the cladistic analyses. Only Disa sections
Micranthae and Stenocarpa, and Schizodium have combinations of
characters which may be interpreted as syndromes characteristic
of the groups.

Anatomical data might provide evidence for treating Disa section
Micranthae as a distinct group within the subtribe Disinae. In
addition, the sclerification of vascular bundles and presence of
marginal sclereids in section Stenocarpa does support the

inclusion of Herschellianthe within Disa section Stenocarpa.

In the rest of the Disinae, clear delimitations of taxa are
impossible due to the high degree of heterobathmy, or
differential character evolution, which may be related to the

phylogenetic history of this speciose group.
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Results from other studies indicate that leaf anatomy can
provide additional taxonomic information, For the subtribe
Pleurothallidinae, Pridgeon (1982) found features of trichomes,
cuticle, epidermis, hypodermis, spiral thickenings and number of
veins series to be systematically useful. In placing the
vandoid genus QOssiculum as most closely related to

Calvptrochilum, Cribb and van der Laan (1986) found that only

supporting evidence provided by leaf anatomy was the presence of
water storage cells, the absence of hypodermal and mesophyll
sclereids, and the palisade layer. Avensu and Williams {(1972)
found the occurrence of adaxial fibre bundles to be unique in

Palumbina and Osmoglossum, in the Oncidiinae,.

Although leaf anatomy did serve to resolve some problematic taxa

such as Herschelianthe, for example, on the basis of

sclerification, results of this study show fairly conclusively

that it has limited phvlogenetic value in the Diseae.
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5.2 PALYNOLOGY

5.2.1 GERERAL ACCOUNT OF POLLEN MORPHOLOGY AND ULTRASTRUCTURE

The pollinarium is the effective unit for pollen transfer in the
Orchidoideae. In this subfamily, pollen is generally shed in
sectile or massulate pollinia with tail-like, elastoviscin
caudicles and viscidig. which are basitonically attached
{Burus-Balogh, 1986). Individual massulae are composed of
tetrads which form the basic pollen unit. Only the tetrad walls
on the outer surface of the massulum have a well developed
sporopollenin exine, The relationship of components of the
pollinarium is illustrated in Figure 5.2.1.A. Only the

sporopollenin walls have been studied.

When pollen is united into functional masses, the structural
functional aspects of the constituent parts of the compound
pollen deviate from simpler systems such as monads or tetrads.
Knox and McConchie (1986) emphasize this point by defining
compound or composite grains as "the association of two to many
grains, united in such a way that the properties of the whole
are not necessarily those of its constituents." Walker and
Doyle (1975) report composite pollen from more than 56

Angiospexrm families,
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5.2.1.1 POLLEN AGGREGATIOR

Single grains occur in the Apostasiodeae, Cypripedioideae,
Vanillinae, some Diurideae, Neottieae and Pogoniinae (Dressler,
1981). 1In all other orchids, the pollen grains remain in
tetrads or are aggregated into larger masses. Pollen
aggregation is coupled with the large number of ovules contained
in the orchid ovary. Seeds are small, lack endosperm and are
released through the longitudinal slits of a twisted capsule.
The transfer of pollen in masses effectively increases the
nunber of ovules fertilized from a single pollination event. In
the case of sectile pollinia, which are characteristic of the
Diseae and Orchideae, a single pollinium can pollinate a number
of flowers if the pollinator leaves one or more massulae on each

stigma {(Dressler, 1981).

In the scheme formulated by Van Campo and Guinet (196})) to
describe the structural basis of wall cohesion of adjacent
grains of compound pollen, two basic types of cohesion are
distinguished. The simplest is the calymmate type. In this
form, grains are fused by the tectum which surrounds the pollen
unit, with the tectum absent from the internal walls. Pollen
which has an interrupted tectum between the grains and a tectal
laver which may be absent from the internal walls is classified

as acalvmmate,
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cytoplasmic connections, which are characteristic of early
developmental stages, have been noted. According to Knox and
McConchie (1986), developmental and ultrastructural studies have
shown the basic importance of the exine in determining the
compound state, Fusion of the primexine matrix at tetrad period
appears to initiate microspore cohesion in both calymmate and

acalymmate (polvad) systems.

It is not clear from the literature what the exact nature of the
"tetrads" of the study group is. Examination of the
undersurface of the tetrad or "sculptured exine unit" of Disa
patula revealed what appears to be evidence of a four-way
division under the unit (Fig. 5.2.1.1.C a). This could be
interpreted as evidence for four isobilateral microspore cells
contained in each tetrad unit. If this were the case, the
co~occurence of both calvmate and acalymate tetrads in a single
specimen can be explained as follows. The exine covering two
adjacent cells contained within a single tetrad would be
calymmate with a continuous tectum spamming the individual cells
seen in TEM. In the case where the cells of two adjacent
tetrads are viewed, one might expect them to be acalymmate, with
a discontinuous tectum between the adjacent cells. Further
investigation would be necessary to clarify this point as well
as a closer correlation between SEM and TEM observations. In
addition, a refinement of terms to suit these structures would

be necessary. These observations are substantiated by L.M.
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observations where linear tetrads were observed in Corycium

crispum. In Disperis lindleyana, the undersurface of the exine

is reticulate, without clear subdivisions (Fig. 5.2.1.1.C b).

It is possible that these observations are artifacts.

A greatly reduced and sometimes almost absent sporopollenin

laver, between the inner tetrads of the massulum, is associated
with the compound state. There appears to be some variation in
the amount of sporopollenin between inner tetrads of the study

group. In Disa sagittalis tetrads appear to be less compact

with more sporopollenin between them than in Pterygodium
catholicum (Fig. 5.2.1.1.B e & f.}). Sporopollenin deposition
within the massulum appears to be variable within and between

species,
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Individual massulae are held together to form the pollinarium by
commecting threads, Hesse (1986) identifies at least two
different types of pollen connecting threads in the
Orchidaceae. The most widely known are the tapetally derived
elastoviscin threads, which are composed of sporopollenin
(Burns-Balogh, 1986). Lipid threads are less well known. They
have been noted in Habenaria (Hesse and Burns-Balogh, 1984}
which belongs to the tribe Ochideae. Hesse and Burns-Balogh
{1984) suggest that these sticky, inelastic lipid threads
originate from immature degenerating cells in the transition
region between the caudicle and the massulae. They are thought
to be homologous to microspores, A third type of thread
“eohesion strands™ have been identified by Burns-Balogh (1983).
These acetolysis-resistant structures are found in the
Spiranthoideae and Neottioideae. Connecting threads were not
investigated in this study and it remains an open question
whether they are composed of elastoviscin or lipids as those

reported for Habenaria.
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5.2.1.2 POLLEN WALL STRATIFICATION, STRUCTURE AND SCULPTURE

The term pollen wall architecture was coined by Walker and Doyle
(1976) to broadly define the various aspects of pollen wall
morphology. These aspects are clearly defined by Walker (1976)
who identifies three components to pollen wall architecture:

wall stratification, structure and sculpture.

The stratification of the exine refers to the layers or strata
in the wall. Wall structure describes the components present in
the wall itself e.g. columellae., In terms of exine structure,
angiosperm pollen grains are described as tectate (perforate or
imperforate), semi-tectate or intectate. The sculpturing
component of wall morphology can be fairly complex depending
upon the wall structure. Walker and Doyle (1976) have
distinguished two different types of sculpturing according to
wall structure. In tectate pollen, the sculpturing is
supra-tectate (or supra-ornate) whilst semi-tectate or intectate
grains are per-ornate, their surface ornamentation
simuzltanecusly representing both structure and sculpture. If
the exine forms a reticulum, for example, with the diameter of
tectal perforations greater than the breadth of the pollen wall
between them, the exine structure is semi-tectate (Walker,
1976). The sculptured exine (sexine} of intectate grains
consists only of exposed columellae or their modified
homologues. Sculpturing in tectate pollen describes any

supra-tectal elements (Walker, 1976).
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The stratification of a typical columellate angiosperm pollen
grain consists of the three-~layered exine which is derived from
the tapetum (sporophyte)} overlying the cellulosic intine, which
is of gametophytic origin. The exine is comprised of the nexine
{endexine and foot layer), columellae with interbacular spaces
and the roof-like tectum (Walker, 1976). Schill and Pfeiffer
(1977) report that the exine of orchid pollen is not comparable
with the classical sporoderm. They found the tectum to be

compact and homogenous and the intine more or less fibrillar.

The exine stratification and structure of those species where
thin sections were prepared is shown in Fig. 5.2.1.2.A. The
basal or foot laver is absent in all species investigated. This
observation agrees with scheme of Bumms-Balogh (1986), who
reports the absence of a foot laver in the Orchidoideae,
Cvpripedioideae and most Epidendroideae. She interprets this
absence as a loss representing three different apomorphies for
these groups., In all species, two lavers were noted. The
electron—-dense sexine {(sculptured exine) and the less opaque
endexine overlying the intine. The main feature which varies
between groups is the nature of the tectum. Satyrium

bracteatum, Disperis capensis, Schizodium inflexum, Disa

sagittalis and Disa lineata are all interpreted as

semi~tectate, This condition may be secondary in relation to
the phyvlogeny of the orchids and the evolution of their pollen
walls (Burns-Balogh, 1986). HNevertheless, it appears to be

plesiomorphic in the context of the study group. Evota bicolor,
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Pterygodium catholicum and Corycium orobanchoides are all

interpreted as being secondarily tectate, with a more or less
continuous tectum and well developed columellae supporting it.
The size of interbacular spaces appears to be somewhat reduced

in contrast with the semi~tectate forms.
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5.2.2. OBSERVATIONS

Detailed descriptions of all species studied using SFM are given

in Appendix 4.

The outgroups from the Tribe Orchidoideae were Habenaria

laevigata and Bonatea pulchella (Fig. 5.2.2.A.). These have

fairly rounded massulae and isodiametric tetrads. In H.
laevigata, sculpturing is ornate with a semi-tectate exine
structure, B, pulchella has a reticulate exine, with the muri
of the reticulum almost absent, leaving free standing
columellate structures, This latter species approaches the
intectate state, in terms of exine structure,

Huttonaea pulchra and H. grandiflora (Fig. 5.2.2.B) have

elongated tetrads and reticulate exines. Satyrium bracteatum

has fairiy elongatedmassulae with isodiametric tetrads and a

semi~tectate, reticulate exine (Fig. 5.2.2.C).

Representatives of the three minor genera of the sub-~tribe
Disinae are shown in Fig 5.2.2.D. Sculpturing in Schizodium is
typically reticulate (hamulate) with either pilate lumina as in

the loosely reticulate (ornate) Schizodium bifidum, or more

tightly reticulate with ornate muri. Brownleea has a
characteristically reticulate exine, A range of variation in

exine sculpture is observed in Monadenia. Sculpturing is mostly
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Section Micranthae (Fig. 5.2.2.H. e-f) is fairly distinctive,

usually rugose with the exception of D. chrysostachya which has

verrucose sculpturing. In most cases the rugae are pierced by
foveolae, as in D. ukingensis, in such a way that the tectum is
mostly incomplete and bacculate colummela homologues can be seen

as in D. englerana.

The genus Herschelianthe (Fig. 5.2.2.1. a—d) has exine

sculpturing types found in Disa. The outer tetrads of H. hians
are covered with verrucae pierced by numerous large foveolae.

H. schlechterana, which is also verrucose with foveolae and

punctae has distinct tetrad margins. Between tetrads of this
species, what appears to be '"tectal bridges" connect adjacent
tetrads. H. spathulata is umique in its sculpturing with fairly
compact granulate rugae and distinct tetrad margins. H.
forficaria has a rugose-foveolate exine sculpturing type most
reminiscent of the genus Disa, and appears to be almost

transitional between the rugose and verrucose character states.

Exine sculpturing in the subtribe Coryciinae was found to differ
markedly from that of the Disinae. This is to be expected if
one considers the basic differences shown in the TEM studies.
The genus Disperis (Fig. 5.2.2.J. a—-e) is quite distinctive and
has fairly uniform exine sculpturing. The massulae are rounded
with isodiametric tetrads and a semi-tectate exine. They are

L 4
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mostly reticulate as in D. lindleyana, although in D.
thorncroftii the muri of the reticulum are mostly absent,
leaving free, exposed baculae {columella homologues) and
approaching an intectate exine structure. D. circumflexa is
exceptional, with elongated tetrads, 1t resembles other members

of the Coryciinae in its pollen morphology.

The pollen of the winor genera Evota and Ceratandra is shown in
Fig. 5.2.2.K, c-f. They characteristically have fasciculate
massulae and elongated tetrads with a complete tectum which may

be faintly striate and perforated by punctae. Evota bicolor is

unique in its rugulate exine sculpturing. Thin sections through
these rugae reveal they they also are composed of columellate
structures supporting a complete tectum. In between these
structures, the exine is reduced to short columellae, with the

tectum absent from these parts.

Anochilus hallii (Fig 5.2.2.H. a & b) has fan-shaped massulae

composed of psilate tetrads with a complete tectum perforated by

fine punctae,

Features observed in the genus Corycium are shown in Fig.
5.2.2.L. The genus typically has fasciculate massulae with
elongated tetrads with sculpturing mostly finely striate, and
punctae or fovenlae piercing the tectum. In cross section, as

shown here for €. orobanchoides, one can note the well developed
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columellae supporting the tectal layer. Two species, C.

dracomontanum and C. nigrescens differ markedly from the rest of

this fairly uniform genus. Both have the verrucose-baculate

exines which occur commonly in the genus Disa.

The exine found in representatives of the genus Pterygodium does
not differ greatly from that of Corycium. Sculpturing is
striate with foveolate perforations piercing the tectum (Fig.

5.2.2.M).
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On the basis of combined observations of exine sculpturing (SEM)
and exine structure (TEM), two basic structural categories were
noted, and associated with these, three basic sculptural types,
The Orchideae and Satvyriinae possess a semi-tectate reticulate
exine, and on this basis it is recognized as the ancestral
state. The Disinae are also semi~tectate, but sculpturing is
either rugose or verrucose, whilst the Corvciinae, excluding
Disperis, have a complete tectum. These states are described in
the character "basic exine sculpturing category” of which the
first state is a semi-tectate reticulate exine. The character
is non-additive as further polarization was not possible without

a priori phylogenetic consideration.

The basic exine sculpturing types can be further subdivided.
The types of reticulate sculpturing are illustrated in Fig.
5.2.3.A. The basic condition is a reticulum with evenly spaced

muri and inter-mural spaces. In Disperis capensis and D.

cardiophora, the reticulum seemed toc have slight depressions
instead of lumina. It is possible that pollenkitt or some other
exine held substances filled the inter-mural spaces, and that
this state may therefore be an artifact. In the third type of
reticulum the muri appeared to be have broken down to a large

extent, leaving free baculae as in Bonatea pulchella and

Disperis thorncroftii. In ornate reticulate sculpturing the

reticulum is open and the large lumina are often pilate or

baculate., These inter-mural structures are interpreted as being
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the homologues of columellae, or structural as opposed to
sculptural elements, The last variation of the basically
reticulate exine sculpturing type is termed hamulate, and is
characterized by the possession of supra-tectal elaborations on

the muri.

Semi~tectate, non-reticulate pollen may be either rugose or

verrucose, and was noted in Disa, Monadenia and Herschelianthe.

These two states are illustrtated in Fig, 5.2.3.B.

Variation in the sculpturing of secondarily tectate grains is
illustrated in Fig, 5.2.3.C., Psilate surfaces are found in
Anochilus, striate sculpturing is common to Corycium and

Pterygodium, rugulate sculpturing is unique to Evota bicolor and

a granulate surface, which unlike all other species of its

genus, was found in Disperis circumflexa. This character was

coded as non-additive as polarization was not possible. Due to
the extreme variability in exine sculpturiog and in an attempt
to encompass all the observed detail into a character list, the
following characters were added and refer to sculptural and
structural details. These are: granulate or rugulate
supra-tectal ormamentation; presence or absence of pilate or
baculate structural sculpturing elements (columella homologues);
foveolate and punctate perforations in either tectate or
semi~tectate grains; presence of tetrad margins, in semi-tectate

or tectate grain.
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5.2.4 CLADOGRAMS BASED ON POLLEN DATA AND ASSESSMENT OF THE
EFFECTS OF CHARACTER WEIGHTIRG
Results of species level analyses are presented in Figures 5.2.4
A, B, C and D. In the Disinae, the only group which is
established by the consensus analysis is Disa section Micranthae

(D. ukingensis, D. englerana, D. ochrostachya and D.

ornithantha). In the Coryciinae, only Evota and Ceratandra
persist as a separate group in the consensus tree. On this
basis, one can conclude that pollen morphological characters do
not provide evidence for resolving the phylogeny at the species
level. Lack of resoclution in the Coryciinae (excluding
Disperis), reflects the relative homogeneity in pollen

morphology in Corycium, Anochilus and Pterygodium. In contrast,

it is the great diversity in pollen sculpturing in the Disinae

which prevents resclution at the specific level,

Corycium dracomontanum and C. nigrescens are the only two

species observed within the Coryciinae (excluding Disperis)
which have highly elaborate exine sculpturing as is
characteristic of many species of the Disinae. Corycium

nigrescens and €. dracomontanum cause problems in the weighted

tree, as the ancestral state at node 6 is the possession of a
semi-tectate rugose or verrucose exine. Whether or not these
two species have a semi-tectate exine structure is uncertain.
TEM observations would be necessary to establish whether they

have the columellate-tectate wall structure characteristic of



Table 5.2.4.A
Matrix of character states of pollen morphology data for species
of the Disinae and outgroups.

Taxa

Monadenia physodes
Monadenia atrorubens
Monadenia sabulosa
Monadenia brevicornis
Monadenia densiflora

Brownleea

Brownleea coerula
Schizodium bifidum
Schizodium inflexum

Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa
Disa

welwitschili ssp.welwitschii

ukingensis
englerana
ochrostachva
ornithantha
chrysostachya
fragrans
bivalvata
atricapilla
richardiana
uniflora
venosa
filicornis
maculata
longicornu
tenuis
salteri
saxicola

gladioliflora ssp.

marlothii
triloba
patula
stachyoides
basutorum
cooperi
thodei
crassicornis
versicolor
stairsii
ovalifoliae
tenuicornis
obtusa ssp. picta
aconotoides
equestris
aperta
tysonii
cornuta
galpinii
sanguinea

galpinii ssp.major

gladiol.
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Table 5.2.4.A cont.,..
Taxa Characters
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Herschelianthe lugens
Herschelianthe forficaria

Herschelianthe chimanimaniensis
Herschelianthe baurii
Herschelianthe graminifolia
Herschelianthe hians
Herschelianthe praecox
Herschelianthe schlechterana
Disperis**
Coryciinae*
Satyrium*#
Habenaria*®
Bonatea*#*
Huttonaea®*
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Coryciinae* represents a generic description based
combination of Corycium and Pterygodium.
Taxon*#* represent outgroups used in combination,




Table 5,2.4.B
Matrix of character states for pollen morphology data of species
of the Coryciinae excluding Disperis spp.

Taxa Characters
012345617891011 1213

Ceratandra atrata
Ceratandra grandiflora
Evota bicolor

Evota venosa

Anochilus hallii
Anochilus flanaganii
Anochilus inversus
Corycium bifidum
Corycium excisum
Corycium magnum
Corycium nigrescens
Corycium dracomontanum
Corvcium orobanchoides
Pterygodium platypetalum
Ptervgodium acutifolium
Ptervgodium pantherianum
Pterygodium catholicum
Corvcium deflexun
Huttonaea pulchra
Huttonaea grandiflora
Disperis#*#

Monadenia®
Brownleea®
Schizodium
Micranthae
Disa#*#*
Herschelianthe**
Satyrium*+
Habenaria*#
Bonatea**
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Table 5.2.4.C

Matrix of character states for pollen morphology data for the
subtribes of the Diseae and cutgroups. Taxa are generic
descriptions,

Taxa Characters

012345678910 11 12 14
Disperis 000072722007 2 0 0 O
Corvciinae® 212727172001 1 O 7 2?2
Monadenia 00120622007 7 1 0 1
Brounleea 0000?272720072 2 0 O O
Schizodium 0060472200072 72 0 1 O
Micranthae 601207272017 ¢ 0 2 0O
Disa 001207220072 2 1 1 0O
Herschelianthe g61?21722017 ¢ 0 1 0O
Satyrium** 1006127272007 2 0 0 O
Habenaria** 0003227221072 72 0 0 O
Bonatea®* 6006222206172 2 0 0 O
Huttonaea 1100272706072 272 0 0 O

Coryciinae* represents a combination of the genera Corycium and

Pterygodium.
Taxon** are the outgroups used in combination.



Figure 5.2,4.A,

Nelsen strict consensus tree, character consistency indices, and
number of steps for pollen morphology data of species of the
Disinae and outgroups. Characters defining nodes: 1) massulae
rounded, 2) massulae elongated, 3}) reticulate exine sculpturing
with broken down muri and free baculae, 4) elongated tetrads, 5)
baculate structural sculpturing elements, 6) Pilate structural
sculpturing elements, 7) hamulate reticulum with supra-tectal
elaborations on the muri, 8) finely rugulate supra-tectal
ornanmentation, 9) semi-tectate rugose or verrucose exine, 10)
orpate exime sculpturing, 11} semi-tectate exine with distinct
and slightly raised margins, punctate perforations in
semi~-tectate grains, granulate or finely rugulate supra-tectal
orpamentation, 12) ?, 13) 7, 14) foveoclate perforations in

semi-tectate exine,
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Figure 5.2.4.C.

Relsen strict consensus tree, character consistency indices, and
number of steps for pollen morphology data for species of the
Coryciinae (excluding Disperis) and outgroups. Characters
defining nodes: 1) rounded massulae, 2) semi~tectate rugose or
verrucose exine, baculate structural sculpturing elements, and
foveolate perforations in semi-tectate pollen, 3) margins
distinct and slightly raised in semi-tectate pollen, 4)
fasciculate massulae, and elongated tetrads, 5) rugose exine
sculpturing, 6) secondarily tectate exine (psilate, striate,

rugulate, granulate), 7) rugulate secondarily tectate exine.
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Figure 5.2.4.D, ‘
Relsen strict consensus tree, character consistency indices, and
number of steps for pollen morphology data for species of the
Coryciinae (excluding Disperis) and outgroups., Characters
weighted for eguivalence. Characters defining nodes: 1)
massulae elongated, 2) massulae rounded, 3) tetrads elongated,
4) foveplate perforations in semi-tectate exine, 5) massulae
fasciculate, secondarily tectate exine (psilate, striate,
rugulate, granulate}, 6) semi-tectate rugose or verrucose exine,
7) secondarily tectate pollen with tetrad margins slightly
raised, 8) baculate structural sculpturing elements {(columella
homologues), 9) 7, 10) rugulate exine in secondarily tectate
pollen , 11) rugose exine in semi-tectate pollen, 12) fine,

supra-tectal rugules.









Group and Tree generaling Tree diasgnosis
Number of taxa program
Unweighted  Weighted
m hennig® bb* Effective npumber 14 289
Species of the of characlers
Disinae Number of 1020 1014
and outgroups trees generated
62 Taxa Nelsen strict Tree length g1 201
consensus tree
Consistency index 19 23
(%)
Species of the m hennig® bb* Effective number 14 29
of characlers
Coryciinae
Number of 1904 105
and outgroups trees generated
30 Taxa nelsen strict Tree lenglh 42 82
consensus tree
Cousislency index 52 73
(%)
m h r' ® % Py
Genera of the ennig® ie Effective number 14 29
of charsclers
Diseae Number of 7 7
and outgroups trees generated
12 Taxa Nelsen sirict Tree length 18 50
consensus lree
Consistency index B8 gz
(%)

Table 5.2.4.D

Effects of character weighting on the number of trees generated,
tree length, and overall consistency indices.
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the subtribe Coryciinae, and whether this convergence is also

structural.

At the subtribal level however, a fair amount of resolution was
gbtained, and both weighted and unweighted characters yielded
the same consensus tree (Fig. 5.2.4. E), although the tree was
not fully resolved, and the taxa resolved on this basis do not
coincide exactly with those in the present postulated

phylogeny.

The weighting of characters for equivalence has several effects
which are summarized in Table 5.2.4.D. Firstly, it results in a
less parsimonious tree, with an increased number of steps for
each character. Since tree length reflects the number of
character changes in a tree, this increase, with weighting,
indicates an increased number of evolutionary events or
character transformations from one state to another, and is the
effect of increasing the effective number of characters used,

through weighting.

Weighting also affects the pumber of trees genmerated. This is
particularly apparent in the analysis of the Coryciinae, where
the number of trees is significantly reduced in the weighted
data set (from 1904 to 105 trees), In addition, weighting for
equivalence resulted in an increase in the overall character

consistency index. In the species-level analyses of the Disinae
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-and Coryciinae, this increase was from 191 to 23%, and 52% to
73% respectively. In the generic analysis, the overala
character consistency index increased from 88% to 92%, with a

corresponding increase in tree length from 18 to 50.

The Coryciinae showed a fairly considerable increase in overall
character consistency with weighting. This increase is related
to reduced ratio of outgroup taxa to ingroup taxa, as resolution
was not increased for species of the Corvciinae as such. In the
Disinae, this effect is greatly reduced and can be attributed to
the large number of taxa used i.e. the ratio of characters to
taxa was still fairly low, thereby producing more than a
thousand equally parsimonious trees for unweighted and weighted
data sets. At the subtribal level, the consensus tree has very
high consistency indices in spite of being not fully resolved
into branching dichotomies. This also relates to the ratioc of
characters to taxa used in the analysis and relates to the
limited number of possibilities in terms of characters and taxa
used. The fact that the tree is not fully resolved and yet has
a high consistency index can also be expected since mostly
non—-additive characters were used for the analvsis, and since
evolutionary information is lost, potential resoclution is

diminished.

Weighting for equivalence, rather than improving resolution of

taxa has shed some light on the interrelationship between the
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number of characters and number of trees generated; the more
characters the less number of possible trees, increased tree
length and the fit of characters to the tree i.e., higher
consistency indices. Also, character weighting had little
effect on the tree generated for the subtribal level
classification. This is due to the fact that relationships are
strongey, since the tree was founded on characters that do give

resolution at that level of the hierarchy.
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5.2.5 SYSTEMATIC IMPLICATIONS OF POLLER DATA AND POSTULATED

EVOLUTION OF POLLEN WALLS

Cladistic analyses indicate that pollen wall morphology does not
resolve taxa at the species level., In the Disinae, variability
is too great and in the Coryciinae (excluding Disperis) pollen
is too uwniform for taxonomic resoclution. Pollen characters did,
however, provide some apomorphies at the subtribal level.

Pollen character distribution in relation to the present
phylogeny is summarized in Fig. 5.2.5.A. Pollen data provide a
suite of synapomorphies for the Coryciinae i.e. fasciculate
massulae, elongated tetrads (linear tetrad configuration) and a

secondarily tectate exine,

The elongated tetrads of Huttonaea provide some evidence of
closer affinities with the Coryciinae, although the reticulate
sculpturing characteristic of this genus is plesiomorphic with

respect to the study group.

The shared possession of a reticulate exine in Disperis and
Brownleea could provide evidence for a closer relationship
between these two genera which are presently classified in

different subtribes,

Pollen morphology in the Disinae is commonly either rugose or

verrucose, and does not distinguish the genera Monadenia,

Herschelianthe and Disa. This may partly be due to the extreme
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variation in supra-tectal elaborations and tectal perforations
in these two exine sculpturing types. However, Brownleea
differs by being reticulate and Schizodium by being hamulate.
Sculpturing in Disa spp. may, in some cases, be hamulate (e.g.

Disa triloba) or ornate {(e.g. Disa galpinii). Such

plesiomorphic exines can be interpreted as reversals. Disa
section Micranthae form the only corroborated group; their
rugose exines with free baculae and pilae often approaching the
intectate state. Pollen data may therefore support the
separation of section Micranthae from Disa as a group on its

own,

Burns-Balogh (1983) has postulated a "possible evolutionary
theory” on orchid exine development adapted from the work of
Walker (1976) on the pollen of primitive dicotyledonous
angiosperms. The basis of her inference was reached through a
cladistic study of column and pollen characters {(Burns—-Balogh
and Punk, 1986), and placing each exine type according to
phylogenetic position. It is her opinion that in the majority
of the Orchidaceae, the structure of the pollen wall is
secondarily derived, and for this reason she regards
evolutionary models of dicot or even monocot pollen inapplicable

to that of orchids.

In an attempt to synthesize what is already known about orchid

pollen ultrastructure into a possible evolutionary theory, she
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recognizes three evolutionary lines, all derived from a possibly
tectate perforate ancestral type. These trends are summarized

in Fig. 5.2.5.B

These lines culminate in a tectate-imperforate exine with
incipient columellae (Cypripedioideae}, an intectate exine
lacking a foot layer (Orchidoideae), and a tectate-imperforate
exine with globular masses of sporopollenin (Vandoid

Epidendroideae).

She postulated that the most modified and unique tvpe of monocot
exine in the orchids was found in the Cypripedioideae, higher
Epidendroideae and Orchidoideae. She also postulates a trend
towards a loss of the exinous basal {(foot) layer. This loss is
confirmed by obseyvations in this study. She attributes the
loss of the foot laver and columellae to the specialized life
habits of orchids, without testing or specifving further the
adaptational inferences made. She states: "the specialized life
habits and habitats in which orchids live have resulted in the
loss of the foot laver, the loss of a well defined columellate
structure and the secondarily derived exine tvpes of the higher
orchids”. She gqualifies these statements by adding that the
most primitive exine types are found in the primarily
terrestrial orchid groups, while the more advanced exines are
found in the primarily epiphytic orchids, stating that the

latter have a reduced or absent foot layer. This appears to be
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a contradiction as the Orchidoideae are primarily terrestrial,
have a reduced or missing foot layer and represent the

culmination of one of her “evolutionary lines™,

According to Burns-Balogh (1983), the line which gave rise to
the secondarily semi-tectate condition of the Orchidoideae and
primitive Epidendroideae had a semi-tectate structure composed
of only the tectum and endexine, rarely with baculae. This
postulate is not confirmed by TEM observations in this study,
where semi-~tectate exines are composed of columellae (or
homologous baculae) supporting a tectum laver. She further
suggests that the secondarily semi-tectate condition then gave
rise to the intectate condition of the Orchidoideae, including
an SEM micrograph of a Disa sp. to illustrate this point.
Results of this study indicate that the exine of Disa is in most
cases semi~tectate; intectate forms having been observed only in
some species of section Micranthae, where the rugose-foveolate
structure appears to have given rise to an intectate condition
with free baculate columella homologues. Schill and Pfeiffer
{1977) also report that intectate forms occur almost exclusively

in the OGrchidoideae, In Bonatea pulchella the reticulate exine

has reduced muri and the structure approaches the intectate
state, In general, intectate exines are the exception and not

the rule in the study group.
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With regard to the evolution of the exine in the study group two
lines are evident, one being semi-tectate with rugose or
verrucose exines, rarely becoming intectate as observed in some
species of Disa section Micranthae. The other line is the
secondarily tectate exine of the Corvciinae {(excluding
Disperis), which in combination with tetrad configuration,
tetrad shape, and massulum shape represent a suite of

synapomorphies for the group.
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5.2.8 FUNCTIONAL INTERPRETATION OF POLLEN FORM.

The striking differences in pollen form in the Disinae and
Coryciinae raise several questions, With the exception of the
genus Disperis, the Coryciinae are characterised,
palynologically, by the possession of a secondarily tectate
exine, elongated tetrads, and fasciculate massulae. One may
raise questions regarding the adaptive significance of this
combination of apomorphic character states. In contrast, the
Disinae have retained the plesiomorphic semi~tectate exine, but
this speciose group manifests extreme variation and elaboration

of mostly rugose or verrucose exine sculpture.

In cladistic terms, adaptation can be regarded as apomorphic
function, promoted by natural selection {(Coddington, 1988}). 1In
this context, it may be important to relate the extreme
variation of sculpturing in the Disinae, and the fairly uniform
sculpture of the Coryciinae, to functional aspects in the
determination the form of pollen. WHNevertheless, several factors
need be considered in addition to invoking adaptational
hypotheses and selective forces in determining pollen form. The
topics of functional morphology and adaptation are amongst the

more controversial issues in modern evolutionary biology.

Gould and Lewontin (1979) have criticised what they have termed

the “adaptationist programme” which views the force of patural
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selection as an optimizing agent, with non-optimality resulting
from trade-offs amongst competing demands only, therefore also
mediated by natural selection. They claim that adaptive
explanations have overriden other potential influences on form,
and criticise the trend amongst evolutionarv biologists to focus
exclusively on immediate adaptation to local conditions, through
the atomization of organisms into traits which are tested on a
one~to~one basis in relation to the enviromment. They stress
that "organisms must be analvsed as integrated wholes, with
Bauplane so constained by phyletic heritage, pathways of
development and general architecture that the constaints
themselves become more interestipg and important in delimiting
pathways of change than the selective force that may mediate

change when it occurs."

The lack of testability, use of loose analogies, and ad hoc
rationalizations when theoretical predictions of adaptive
analyses are not fulfilled, are major criticisms of adaptational
explanations put foward by Fisher (1985) and Crane (1986),
Fisher (1985) defines adaptation in terms of its contribution to
the organism's current fitmess, by enhancing the reproductive
potential of an organism bearing a particular adaptive feature,
rather than resulting from the effects of natural selection,
Crane (1986) points out that, so defined, adaptation becomes
intimately dependent on the ecological and evolutionary context

in which it is viewed. This he emphasises 1o point out the
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potential shortcomings inherent in simplistic “explanations” of
pollen morphological features, Crane (1986) stresses that
grains are not optimally designed for a specific function, but
are merely structures that work with varving efficiency in a
specific ecological and evolutionary context. He identifies a
need to integrate knowledge of floral biology, phviogeny and
ecology in attempting to disentangle the relationship between

pollen form and function.

Several functional factors have been evoked as influencing
pollen form, and exine sculpturimg in particular. Genetic
factors, however, impose a phylogenetic comstraint which is
embodied in the ontogenetic process. This historic component
undoubtedly encompasses many aspects which relate to pollen
function, and is probably the overriding factor determining
pollen form. As Punt (1986) points out, the response of a
pollen grain to functional factors is limited by the original
gene pool present. Blackmore (1981) views the interplay of
three main functional aspects of the exipe, and possibly others,
as reflected in the form of pollen. These are harmomegathy,
poliination biology and the role of the exine as a repository
for physiologically active substances. The columellar
interstices of the chambered exine fumction in the storage and
release of sporophytically and pametophytically derived
substances {(Helsop-Harrison, 1976) which become physiologically

active in pollen-stigma interactions. Exine held substances
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include the superficial pollenkitt and pigmented {(carotenoid)
lipid fraction which seal the pollen during dehydration. In
addition, wall-held proteins which are released during early
period of attachment to the stigma, are recognition substances
which play a part in compatability mechanisms. Since there is
no way to assess these complex biochemical factors in the
present study, I shall not discuss them any further. Bolick
(1878, 1981) evokes factors such as mechanical efficiency
combined with economy of materials as having a role in

determining pollen wall morphology.

Pollination biology is regarded as a potential selective factor
in questions relating to the adaptive significance of the
exine, Grayum (1986) views pollinator type as a potent
selective factor in the evolution of exine sculpture in the
Araceae. Ferguson and Skvarla (1982) found very significant
correlations between pollen mode and exine sculpturing in
papillionoid legumes, to the extent that distantly related
genera with the same pollination syndrome exhibited strikingly
similar exine patterns. Correlations have been noted between
anemophyly and psilate exipes, entomophyly and sculptured exines
{Fisher, 1890, Chaloner, 1976). However, there is a paucity of
data on polliination, and according (Grayum, 1986) this
generalization wight apply in the case of temperate zones, it

needs to be reconsidered for tropical species .
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In the study group, as in all Orchidoideae, adhesion of pollen
to pollinating agent is through the sticky viscidium. A direct
relation between surface ornamentation and pollinator would
therefore not be expected. There is, however, a fundamental
difference between the Disinae and Coryciinae (excluding
Disperis) in their pollination biology. Species of the genus
Disa are pollinated mostly by flies (Vogel, 1959), or
butterflies as in the case of D, uniflora (Marloth, 1915).
Certain species of Disa, in the Drakensberg region, are bee
pollinated (K. Steiner pers. comm.). The Coryciinae, in
contrast, with the exception of Disperis, are all bee
pollinated. Flies and moths have been noted to pollinate

Satyrium and Habenaria respectively (Vogel, 1959).

On the basis of these observations one could speculate that the
presence of a secondarily tectate exine may confer additional
strength to pollen of the Coryciinae, and that a requirement of
additional mechanical protection may be associated with

mel itophylous pollination.

Another factor which is recognized as influencing pollen form is
the requirement for harmomegathic mechﬁnisms which accomodate
volume changes in the cytoplasm, in response to hydration status
of the pollen. The term harmomegathy was introduced by
Wodehouse (1935) and is probably one of the most studied
functional aspects of pollen. Harmomegathic mechanisms are

considered as essential for the extended survival of pollen in
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air (Barnes and Blackmore, 1986). These mechanisms involve the
reaction of the complete pollen wall to turgor pressure in the
cytoplasm., The resulting changes in size and shape reflect
localized variations in the ability of the pollen wall to vield
or to resist changing pressure. Payne (1981) regards volume
change one of the wain determinants of pollen form. This
requirement is related to aperture characteristics (in
aperturate pollen), internal structural features of the exine
{(Gravum, 1986) and to some extent exine sculpturing (Payne,

1981).

In considering the differences between the pollen of the Disinae
and the Coryciinae im the light of harwmomegathic mechanisms, the
question of harmomegathy must be framed differently. Rather
than considering individual microspores, the massulum should be
considered as the basic "harmomegathic unit”. Consequently, the
entire massulum would expand and contract in relation to
hydration status, If one relates features of the exine and
tetrad shape to the structure of the massulum, one might expect
that the two subtribes differ considerably in their
harmomegathic response, In the Disinae, which have fairly
rounded massulae, isodiametric tetrads, and are semi-tectate, I
would expect an expansion of the massulum in all directions, in
response to hydration., 1In contrast, the Coryciinae, which have
fasciculate massulae, elongated tetrads and a tectate exine,

might expand longitudinally upon hydration. Low Temperature SEM
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{Barnes and Blackmore, 1986) would be required to observe
harmomegathic responses of massulae, although a preliminary
assessment might be obtainable using a light microscopy.
This postulated difference in harmomegathic response could then
be related to the tectate mature of the exine in the bee
pollinated Coryciinae, On this basis a pollinator mediated set
of interactions could be evoked in partly explaining the
observed differences in pollen form between the Disinae and

Coryciinae,

In terms of harmomegathy, ecological context may also be a
factor to which pollen form is related. Barnes and Blackmore
(1986) point out that just as whole plants differ in their
tolerance of water stress, there may alse be xeromorphic or
mesomorphic pollen grains. They do point out, however, that
there is little evidence of a correlation between harmomegathic

mechanisms and the natural-environment of plants.

Questions'regarding the extreme variability in the taxically
diverse Disinae are more difficult to attempt to answer. There
is insufficient information regarding pollination biocleogy, and
whether the diversity in exine sculpturing in this group is
related to pollinators is not known. The observed diversity may
be related to compatibility systems, but this also cannot be
ascertained. Van Campo (1976) points out that intraspecific

pollen polymorphism occurs in addition to the variability
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encountered at all taxonomic levels. She adds that " the
amplitude of pollen variation within a2 homogeneous assemblage
prefigures, in some cases, the possible pollen types within an

assemblage higher in the classification.”

On the basis of ontogenic studies of pollen and spores,
Blackmore and Crane (1988) conclude that "pollen ontogeny is not
a highly structured and contingent process in which the
modification of one structure into another can very frequently
be observed. It is instead contipuous and itself controlled by
the duration and rate of predominantly intracellular processes

operating at the level of organelles and molecules,”

For the above reasons and the interplay of factors determining
pollen form, and exine sculpturing in particular, it is not
surprising that the sculpturing in the Disipae may not provide

characters for taxonomic resolution at the species level.
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6.0 CONCLUSION

Leaf anatomy data has little systematic value in the Diseae.

Morphometric characters, when used exclusively, produced a
chaining branching effect in the cladograms generated, and are

thought to contain little phvlieogenetic information,

Sclerification associated with vascular bundles is the only
useful source of phvlogenetic information in the leaf anatomy
data set. It represents a Synapomorphy for Disa section

Stenocarpa, and supports the inclusion of Herschelianthe in this

section. The presence of fibre caps at the poles of vascular
bundles of Ceratandra serve to distinguish this genus from

Evota.

The Disinae show a high degree of heterobathmy, or differential
character evolution, which may reflect the phvlogenetic history
of this speciose group, In contrast, in the Coryciinae,

Pterygodium, Anochilus and Corycium are virtually

indistinguishable on the basis of leaf anatomy. Data from this

source does not support the removal of Anochilus from

Ptervgodium.

Phenetic analyses did not force the grouping of similar leaves,

and the hypothesis that envirommentally rather than
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phvlogenetically determined "adaptive syndromes” were present,
was refuted. Most characters were found to be independent of
each other, and where they were correlated, they were mostly
found to reflect the same feature, and should have been coded as

a single character.

The large amount of taxa, use of "bad" characters, and problems
relating to the polarization of character states contributed to

the lack of resolution of cladograms based on leaf anatomy data.

Cohesion of compound pollen in the Disinae and Coryciinae is
achieved through simple cohesion of the tectum, and crosswall

cohesion through intine wall bridges.

Stratification of the exine in the Diseae is uniform, with the
pollen wall composed of the sculptured exine and the endexine

overlying the intine. The foot layer is absent.

The structure of the exipne varies, with semi-tectate forms in
Orchideae, Satyriinae, Disinae and Disperis. The Coryciinae
(excluding Disperis) have a secondarily tectate exine
structure. Some intectate forms occur in Disa section

Micranthae and in the Orchideae,

Cladistic amalvses indicate that pollen wall morphology data
does not resolve taxa at the species level, The Disinae are too
diverse, with only species of Disa section Micranthae remaining

grouped, and the Coryciinae (excluding Disperis) are too
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homogeneous for taxonomic resolution based on pollen characters,

Weighting characters for equivalence, rather than improving
resolution of taxa, highlighted the relationship between the
numbers of characters and taxa used in analyses using HENNIG

86. Weighting resulted in longer and fewer equally parsimonious

trees with higher consistency indices.

Pollen data does provide evidence for the inclusion of Huttonaea
in the Coryciinae. Elongated tetrads are found only in these

two groups.

Two evolutionary lines are recognized for the exine of the
Diseae., The plesiomorphic semi-tectate reticulate exine is
thought to have given rise to 1) a semi-tectate rugose or
verrucose exine, rarely becoming intectate (Disinae), and 2) to
the secondarily tectate exine of Coryciinae (excluding
Disperis), for which the linear tetrad configuration, elongated
tetrad shape and fasciculate massulae provide a suite of

synapomoyphies.

Structural-functional interpretations of compound pollen differ
from those applicable to single grains. The massulum is
interpreted as a single "harmomegathic uwnit”. The Coryciinae
are thought to differ from the rest of the study group in their

harmomegathic responses.
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Appendix 1

Vouchered specimens used in leaf anatomy and pollen studies.









Appendix 2

Homogeneous subset grouping for leaf anatomy measurement data.
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Appendix 4

Pollen Descriptions.
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Subtribe Coryciinae

Disperis lindlevana.

Massulae rounded, tetrads isodiametric, exine
reticulate, exine structure semi-tectate.

Disperis villosa.

Massulae rounded, tetrads isodiametric, exine
reticulate, exine structure semi-tectate.

Disperis cuculata,

Massulae rounded, tetrads isodiametric, exine
reticulate, exine structure semi-tectate.

Disperis thorncroftii.

Massulae rounded, tetrads isodiametyric, exine
reticulate with reduced muri, exine structure
partly intectate

Disperis circumflexa.

scuplture

sculpture

sculpture

sculpture

semi-tectate to

Massulae fasciculate, tetrads elongated, exine granulate, exine

structure tectate.

Ceratandra atrata.

Massulae fasciculate, tetrads elongated, exine sculpture

rugulate with fine punctae, exine structure tectate,.
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Ceratandra grandiflora.

Massulae fasciculate, tetrads elongated, exine sculpture

rugulate with fine punctae, exine structure tectate.

Evota bicolor,

Massulae fasciculate, tetrads elongated, exine sculpture
strongly rugulate with fine punctae, exine structure tectate.

Evota venosa.

Massulae fasciculate, tetrads elongated, exine finely striate
with a slight granular appearance and fine punctae, exine
structure tectate.

Anochilus hallii.

Massulae fasciculate (fan-shaped), tetrads elongated, exine
psilate with fine punctae., Exine structure tectate

Corvcium nigrescens.

Massulae rounded, tetrads isodiametric, exine sculpture
verrucose, exine structure uncertain.

Corycium dracomontanum.

Massulae rounded, tetrads more or less isodiametric, exine
sculpture verrucose and granulate, exine structure uncertain.

Corycium orobanchoides.

Massulae fasciculate, tetrads elongated, exine finely striate
with fine puntae, exine structure tectate.

Corycium magnum.

Massulae fasciculate, tetrads elongated, exine finely striate

with foveolae, exine structure tectate,
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Corycium excisum.

Massulae fasciculate, tetrads elongated,

foveolate, exine structure tectate,

Corycium bifidunm.

Massulae fasciculate, tetrads elongated,
foveolate, exine structure tectate.

Corveium deflexum.

Massulae fasciculate, tetrads elongated,
foveolate, exine structure tectate.

Ptervgodium catholicum.

Massulae fasciculate, tetrads elongated,
foveplate, exine structure tectate,

Ptervgodium pantherianum.

Massulae fasciculate, tetrads elongated,
foveolae, exine structure tectate.

Ptervgodium acutifolium.

Massulae fasciculate, tetrads elongated,
foveolate, exine structure tectate,

Ptervgodium platypetalum.

Massulae fasciculate, tetrads elongated,

foveolate, exine structure tectate,

Subtribe Disinae

Monadenia physodes,

exine finely striate,

exine finely striate,

exine finely striate,

exine finely striate,

exine finely striate,

exine finely striate,

exine finely striate,

Massulae rounded, tetrads isodiametric, exine sculpture rugose

with tetrad margins distinct, exine structure semi-tectate.
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Monadenia atrorubens,

Massulae rounded, tetrads isodiametric, exine sculpture rugose

with fine punctae on rugae, tetrad margins distinct, exine
structure semi-tectate.

Monadenia sabulosa.

Massulae rounded, tetrads isodiametric, exine sculpture rugose
tending to verrucose with fovepglae, finely rugulate distinct
margins, exine structure semi-tectate.

Monadenia densifolia,

Massulae rounded, isodiametric tetrads, exine sculpture hamulate
with pilate lumina, exine structure semi-tectate.

Monadenia brevicornis

Massulae rounded, isodiametric tetrads, exine sculpture hamulate
with pilate lumina, exine structure semi-tectate,.

Brownleea galpinili ssp. major.

Massulae rounded, tetrads isodiametric, exine sculpture
reticulate, exine structure semi-tectate,

Brownleea coerula.

Massulae rounded, tetrads isodiametric, exine sculpture
reticulate, exine structure semi-tectate,

Schizodium bifidum,

Massulae rounded, tetrads isodiametric, exine sculpture grnate,
or loosely reticulate with pilate lumina, exine structure
semi-tectate,

Schizodium inflexum.

Massulae rounded, tetrads isodiametric, exine sculpture

reticulate with pilate muri, exine structure semi-tectate,.
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Section Micranthae

Disa welwitschii ssp. welwitschii.

Massulae rounded, tetrads isodiametric, exine sculpture rugose,
finely rugulate with supra—-ornate baculae and pilae, distinct
rugulate tetrad margin, exine structure semi-tectate.

Disa ukingensis.

Massulae rounded, tetrads isodiametric, exine sculpture rugose,
with tectum pierced by foveolae, exine structure semi-tectate,

Disa englerana.

Massulae rounded, tetrads isodiametric, exine sculpture rugose
with tectum incomplete leaving mostly free baculae (columella-
homologues) covering surface of rugae, tetrad margins distinct,
exine structure semi-~tectate to intectate.

Disa ochrostachva.

Massulae rounded, tetrads isodiametric, exine sculpture rugose
with tectum incomplete leaving mostly free baculae (columella
homologues) covering surface of rugae, exine structure
semi~tectate to intectate,

Disa ornithantha.

Massulae rounded, tetrads isodiametric, exine sculpture rugose
with tectum incomplete leaving mostly free baculae {(columella
homologues) covering surface of rugae, exine structure
semi~-tectate to intectate.

Disa chryvsostachva.

Massulae rounded, tetrads isodiametric, exine sculpture
verrucose with pilae between verrucae, exine structure

semi-tectate,
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Disa fragrans.

Massulae rounded, tetrads isodiametric, exine sculpture

verrucose with pilae between verrucae, exine structure

semi-tectate,

Section Disa

Disa bivalvata.

Massulae rounded, tetrads isodiametric, exine sculpture rugose
with baculae and pilae (columellae homologues), exine structure
semi—-tectate,

Disa atricapilla.

Massulae rounded, tetrads isodiametric, exine sculpture rugose,
finely rugulate with foveolae, tetrad margin distinct, exine
structure semi-tectate,

Disa richardiana,

Massulae rounded, tetrads isodiametric, exine sculpture rugose
with tectal granules and foveolae, exine structure semi-tectate.

Disa uniflora.

Massulae rounded, tetrads elongate, exine sculpture rugose with
pilae, tetrad margins distinct, exine structure semi-tectate.
Disa venosa,

Massulae rounded, tetrads isodiametric, exine sculpture rugose
with pilae, exine structure semi-tectate,

Pisa filicornis.

Massulae rounded, tetrads isodiametric, exine sculpture rugose

with foveolae piercing the tectum, exXine structure semi-tectate.
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Section Phlebidia

Disa maculata.

Massulae rounded, tetrads isodiametric, exine sculpturing
verrucose with distinct tetrad margin, exine structure

semi-tectate.

Section Stenocarpa

Disa saxicola.

Massulae rounded, tetrads isodiametric, exine sculpture tightly
rugose with foveolae piercing the tectum, exine structure
semi-tectate,

Disa gladioliflora ssp. gladioliflora.

Massulae rounded, tetrads isodiametric, exine sculpture rugose

with foveolae piercing the tectum, exine structure semi-tectate,

Section Coryphaea

Disa marlothii.

Massulae rounded, tetrads isodiametric, exine sculpture
hamulate, with supra-tectal granules and lace-like foveolate
margins, exine structure semi~tectate.

Disa triloba.

Massulae rounded, tetrads isodiametric, exine sculpture

reticulate with ornate muri, exine structure semi~tectate,.
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Section Emarginatae

Disa patula.

Massulae rounded, tetrads isodiametric, exine sculpture rugose
with distinct margins and foveolae piercing the tectum, exine
structure semi-tectate,

Disa stachyoides,

Massulae rounded, tetrads isodiametric, exine sculpture rugose

with distinct margins, exine structure semi-tectate.

Section Stoloniferae

Disa stairsii.

Massulae rounded, tetrads elongate, exine sculpturing verrucose

with foveolae piercing the tectum, exine structure semi-tectate.

Section Ovalifoliae

Disa ovalifoliae.

Massulae rounded, tetrads isodiametric, exine sculpturing
verrucose with foveolae piercing the tectum and supra-tectal

granules, exine structure semi-tectate,

Section Disella

Disa tenuicornis.

Massulae rounded, tetrads isodiametric, exine sculpturing rugose
with a finely rugulate tectum pierced by foveolae and punctae

and supra-tectal granules, exine structure semi-tectate,
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Disa obtusa ssp. picta.

Massulae rounded, tetrads isodiametric, exine sculpturing

verrucose with supra-tectal granules and tectum pierced by

foveolae and punctae. Exine structure semi-tectate,

Section Aconitoideae

Disa aconitoides,

Massulae rounded, tetrads isodiametric, exine sculpturing
verrucose with foveolae pilercing tectum, exine structure

semi~tectate.

Herschelianthe

Herschelianthe lugens.

Massulae rounded, tetrads isodiametric, exine sculpture rugose
with foveolae piercing tectum, exine structure semi-tectate,

Herschelianthe forficaria.

Massulae rounded, tetrads isodiametric, exine sculpture rugose
(with verrucae in places) and foveolae piercing the tectum,
exine structure semi-tectate,

Herschelianthe chimanimaniensis,

Massulae rounded, tetrads isodiametric, exine sculpture
verrucose with foveolae piercing tectum and supra-tectal

granules, eXine structure semi~tectate,
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Herschelianthe baurii,

Massulae rounded, tetrads isodiametric, exine sculpture

verrucose with foveolae piercing tectum and supra-tectal
granules, exine structure semi-tectate,

Herschelianthe graminifolia.

Massulae rounded, tetrads isodiametric, exine sculpture
verrucose with foveolae supra-~tectal granules, exine structure
semi~-tectate,

Herschelianthe hians.

Massulae rounded, tetrads isodiametric, exine sculpture
verrucose with foveolae piercing tectum and supra-tectal

granules, exine structure semi-tectate.





