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type or rainfall; however, the inference is that resprouters do occupy habitats in higher rainfall

areas than the sister seeders.

Biogeographic analysis of species dis butions, using cluster methods with a Jacard similarity
coefficient, defined four phytogeographic areas which were considered to be areas of endemism.
A concentric ring method recognised narrow areas of endemism and illustrated the overlap of

sies distributions between areas. 1 :defined areas of endemism and similarity were used in
general area cladograms to determine area relationships. The primary differentiations on the
general area cladogram of areas of similarity distinguished a summer rainfall region (south coast)
from a winter rainfall region (south wes n Cape extending up the west coast). Within the winter
rainfall region there is separation into a1 sic (Cape Peninsula and south western mountain range)
and an arid region (Cedarberg and Koue Bokkeveld). This analysis of 7hamnochortus gives the
first indication that the primary different tion was between summer and winter rainfall, followed

by the differentiation of the winter rai .l region into mesic and arid areas.

Comparison within clades of distribution and habitat profiles indicated that, where distributions
of closely related species overlap, the is niche differentiation in flowering time and substrate

texture.

Fire survival habit does not appear to have influenced speciation in 7Thamnochortus. There is,
however, an evolutionary relationshi between fire survival habit and female outer tepal
specialization. Evidence from the ge1 al area clad am indica  that speciation patter in
Thamnochortus may have been influenced by changes in rainfall in the Miocene. Habitat profiles
of sister species indicate that alteratior in flowering time and substrate texture are key factors

in ecological differentiation of species.
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Fire frequency is usually expressed in number of years, with the most common fire frequency
being once every twenty years (Kruger and Bigalke 1984). Low fire frequency has been found
to favour an abundance of seeders in ¢ nparable environments, while resprouters are generally
favoured by shorter fire intervals (le Mai  : and Midgley 1992). Unusually short fire intervals may
restrict the reproductive output of s lers and resprouters. Seeder species are supposedly
dependent on relatively large seed sets HOr recruitment, limitations in seed set size could favour
resprouters which, by definition, are relatively more resistant to fire events. Extended fire
intervals may lead to senescence amoungst resprouting adults. This scenario could be of great
advantage to seeders as dead resproute1  lults may be replaced by seedlings of seeders following

the next fire (Keeley 1986, le Maitre a  Midgley 1992).

The compounded variables in fire evi ts and lack of experimental data limit the predictions
regarding fire as an evolutionary pressure. Although there are no quantitative data available, it
is suggested that fire frequency increa. | with the advent of the summer drought climate in the
Miocene (Linder ez al. 1992, Bruyns and Linder 1991), and more recently through the impact of
fire stick farming (Hall 1984; Cowling 1987). An increase in fire frequency may favour the
evolution or persistence of the resprouting habit. Increasing the disturbance frequency for seeding

species could promote both speciation 1d extinction (Cowling ef al. 1992).

The opportunity for speciation and extinction arises from the potential for fire to act as a
disruptive force leadt to _ mtation of populations in space and time (Cowling 1987; Schutte
etal. 1995). Given that adults of seeding species are killed by fire and regeneration is from seed,
fire events may fragment populations of  :ders and prevent interbreeding of cohorts (Schutte ez
al. 1995). In contrast, if resprouting adults survive fire and persist in the landscape, the
probability that populations will be d rupted is low and there is the opportunity for gene
exchange across age cohorts. Thus, according to present definitions, the resprouter habit appears

to be more adaptive in a fire prone envir 1ment, but does not promote speciation in resprouting

lineages (Cowling ez al. 1992).

SUITABILITY OF THE STUDY Gl )UP - Thamnochortus Berg.
Thamnochortus is one of nineteen genera of African Restionaceae (Linder 1984). Members of

the Restionaceae are found on every cc inent of the southern hemisphere but only in southern
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THE STUDY GROUP

Pillans (1928; 1942; 1945; 1952) recognised 35 species which Linder (1985b) reduced to 28 by
placing 7. lewisiae Pillans, T. nervosus Pillans and 7. plumosus Pillans (1952) in T. guthrieae
Pillans (1928); 7. comptonii Pillans (1945) within 7. platypteris Kunth (1841); by including 7.
similis Pillans, 7. piketbergensis Pillas and 7. muticus Pillans (1952) in T. sporadicus Pillans
(1952); and by combining 7.dichotomous and T. papillosus to form 7. lucens Poir (Linder). Two
additional species were described: 7. arenarius, T. rigidus. Linder (1990) added a further two

species, T. amoena and T. karooica, thus raising the number of species to 33.

The taxonomy of Linder (1985b, 1990) was followed except for a group consisting of
T.bachmanii, T. stokoei, T. schlechteri, T. scabridus and T. platypteris which was investigated
phenetically to reassess species limits.  comptonii was separated from 7. platypteris. Thus, in

the cladistic analysis a total of 34 spec  of Thamnochortus was used.

PHENETIC METHODS

Sampling

The west coast species complex consists of 7. bachmanii, 1.stokoei, T.schlechteri, T.scabridus
and 7.platypteris. Eighty-seven of the ¢ herbarium specimens, located in the Bolus herbarium,
were examined. Specimens were omil | if they were duplicates of a single collection or if the
spec__ :ns contained only male  _ter - the number of informative specimens per species in
indicated in Table 1. Each specimen was treated as a separate entity and no data were averaged.

Distribution maps were constructed from locality information on specimen labels.
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A correlation matrix (CORR) is constructed from the character standardised matrix (Sneath and
Sokal 1973). Eigenvectors and eigenvalues were then calculated using the EIGEN function.
Eigenvectors are the weightings of each variable on each component while eigenvalues are used
to calculate the extent to which each cc  ponent accounts for the total multiple variance (Abbot
et al. 1985). Ordination coordinates wi : calculated using the eigenvectors and the final results

presented as a scatterplot.

Caution should be exercised in the interpretation of PCA results as the original variables in PCA
are usually less independent of one another than the representative components (Abbott ez al.
1985). Thus, the distance between pc its in the defined space should not be considered as a
direct reflection of the spatial separation of the original variables. Furthermore, there is a debate
concerning the criteria for determining which axes are taxonomically meaningful (Sneath and

Sokal 1973).

Cluster Analysis

Grouping of the specimens was achieved using the principles of the sequential, agglomerative,
hierarchic, non overlapping clustering methods (SAHN) (Sneath and Sokal 1973). The properties
of the techniques employed in this group of methods provide several advantages in practical

situations.

Firstly, employing a sequential clusterir procedure is more likely to lead to optimal clusterings
acco  lo predefined criteria (Sneath. 1 Sokal 1973). Secor “ ', the agglomerative al;  ithm,
which begins with separate entities and groups them according to similarity (Sneath and Sokal
1973), is more suitable than a divisive al Hrithm in studies, such as 7hamnochortus, where there
are a large number of shared character states and no one condition is required to allow admittance

to a group (Abbott ef al. 1985).

Finally, consideration should be given to the relative advantages of overlapping and non-
overlapping techniques.  Non-overlapping techniques (in conjunction with hierarchic
classification) may distort phenetic relationships, but the results are easier to interpret and

understand than those arising from ove 1pping techniques (Sneath and Sokal 1973).

The SAHN clustering strategy UPGMA (unweighted pair group method using arithmetic
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averages; Sokal and Sneath 1973), was sed in this study. The method has also become known
as the Group-Average cluster analysis (Abbott ef al. 1985). For the purposes of this study,
however, it will be r¢ rred to as UPGMA.

The data matrix was submitted to NTSYS (Rohlf 1993) and standardised by character (STAND).
The similarities between the OTU's (operational taxonomic units) were calculated using distance
analysis (in SIMINT using average tax« omic distance DIST). The distance measures between
pairs are tabulated and provide an app sal of the relationship between pairs of OTU's (Abbott
et al. 1985). This method is appropt e where characters are both discrete and continuous
(Rohlf 1993). In UPGMA the grouping algorithm then evaluates the average similarity, or
dissimilarity, of each OTU to an existing cluster (Sokal and Sneath 1973), grouping those OTU's

which are most alike first.

UPGMA, or group average cluster analysis, is the most commonly used clustering analysis in both
ecology and systematics (James and 1 :Culloch 1990; Abbott ef al. 1985; Sneath and Sokal
1973). In many cases it is chosen as it ¢ tains more intermediate attributes lacking in other more
extreme methods, such as single-linkage r central point grouping; however, it has been rejected
for the same reasons (Abbott ez al. 19¢ .
CLADISTIC METHODS

Outgroups

Three species belor ~ng to the genus } docc 'N . were used as an outgroup to the genus
Thamnochortus. Rhodocoma is the sister-group to Thamnochortus (Linder 1984) linked to it by
the following apomorphies: scattered cavities in the central ground tissue, similarities in pollen
structure, epidermal cells with thickened anticlinal walls and simple culms with pendulous male

spikelets.

The genus Rhodocoma consists of six species with disparate growth forms (Linder and Vlok
1991). R fruticosus was selected on the basis of its wide distribution pattern, while R. gigantea

and R. arida were chosen as representat s of markedly different habit types and morphologies.

Sampling

Morphological and anatomical data were collected primarily from herbarium specimens housed
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in the Bolus Herbarium and supplemented by field observations. An initial sample of two to three
specimens per species was used to identify suitable morphological characters. Representative
specimens with portions of both male and female plants were selected. These specimens were
chosen to reflect the extremes of the morphological and geographical variation within each
species. All detailed data collection (both morphological and anatomical) was made from these
specit . Subsequently the consistency of the morphological characters and the character states
was confirmed by inspecting the charact« . on all the material available for each of the 34 species,
excluding those specimens considered tc e oddities (Stevens 1991). Table 4 lists the number of

herbarium specimens consulted for eac species.

Cutler (1969) documented anatomical variation in the Restionaceae, with most variation being
evident in transverse culm sections. Sections were cut from the base of the culm of the two
specimens initially selected as representative. A 1-2cm portion of the culm was taken from a near
basal internode of the dried specimens, 1ydrated and softened in boiling water for 10 minutes.
The boiled culm was then clamped in cork and cut with a sledge microtome. The culm was
sectioned at 25 micrc__:ters except for a few species which were sectioned at 30 micrometers.
The: tions were stained in a Safranin-, :ian blue stain for approximately 20 minutes, rinsed and
dehydrated using an alcohol sequence, soaked in xylene and then DPX for approximately 20
minutes before being mounted in DI on a slide. Sections were examined using a Zeiss
microscope and all variable features r drded. These features are identified and described in

Appendix 1.

Morphometric data included the basal culm diameter, internode length, plant height, epidermal
cell width, number of parenchyma and sclerenchyma rows and aspects of female and male floral
morphology. Measurements of culm d meter were made in the middle of the most basal culm
internode using callipers accurate to 0.02mm. In the few cases where the basal parts of the plant
were not available, the internode furthest om the inflorescence was measured. Internode length,
on the second internode below the inflorescence, was measured in millimetres with a ruler. Two

measurements were taken from each of three different specimens for each species.
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The cells of the epidermis were measured at 40x magnification using an eyepiece micrometer.
Counts were made of the number of ws of parenchyma and sclerenchyma in each species.
There were two replicate specimens for each species, two sections of each replicate were

examined and three counts in each sect n were made.

For detailed male and female floral morphology, three specimens per species were rehydrated,
dissected and drawn at x12 magnification using a Zeiss microscope. Length and breadth
measurements of the inflorescence, spil et, bract and flower were made in millimetres using a
ruler. Measurements of the fruit were made with callipers accurate to 0.02mm. At least three
replicate observations were made for each feature on each specimen, but additional measurements
were made to corroborate data if there ras great variation. Ranges recorded in the published

descriptions were incorporated into analyses of the floral morphometric data.

Character delimitation
Twelve quantitative and 47 qualitative characters were investigated. The final data matrix
consisted of 10 quantitative and 43 q itative characters. There are both non-additive and

additive multistate characters and binary characters.

In the definition of characters and character coding the arguments of Pimentel and Riggins (1987)
and Thiele (1993) were considered. Pime :l and Riggins (1987) regard the features of organisms
to be cladistic data. Characters are those :atures that have two or more mutually exclusive and
ordered, I nologous : betw O  nist le (1993) consic sthei mu  of
organisms as attributes. Within a taxon t| state of a particular attribute may vary. The state of
the taxon is determined by the frequency distribution of the attribute's states within the taxon.
Thus, according to Thiele (1993), cladistic characters are the frequency distribution of values of
attribute states scored over a sample of individuals of a taxon. When the cladistic character
changes the frequency changes. The imj rtance of Thiele's (1993) extended definition is more

evident with the delimitation of character states, particularly in quantitative data.

Qualitative characters

Due to the nature and extent of variation of features within and between taxa, one of the most
important considerations is the manner in v ich the features are defined as characters. Redundant

repetition of characters defining an aspect may present ambiguous information. The example
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The method of Almeida and Bisby (1984) defines groups according to the gaps or intervals that
are evident in the graphs. In Thamno ortus, while gaps are preferable in defining character
states, the reality is that intervals, i.e. points of reduced overlap in ranges, are more common. A
method of quantifying the observation was established in order to ensure that intervals were
defined according to similar criteria. Counts were made of the number of ranges crossing the
observed intervals and the number of 1 ges abutting onto the interval. Ratio's of these counts

re compared for all the intervals observed. Generally, a difference of a three or more between

the counts was considered suitable.

The morphometric data, including those which had already had states determined, were analyzed
as suggested by Stevens (1991) to dete 1ine the best possible state definitions. The range data
for each character were plotted onto a dogram that had been generated prior to the inclusion
of the morphometric data. This related the measurements and ranges to hypothesised groupings,
identifying states which may have bee overlooked in the original morphometric analysis. In
conjunction with the method described above, Stevens' (1991) technique identified and confirmed
the best possible breaks to define charac  states for the morphometric characters (Appendix 1).

Cladistic Analysis

Four multistate characters are polymo hic. There is no facility in Hennig86 (Farris 1983) for
cells in the matrix to be polymorph  so these cells have to be scored according to the
predominating state or as unknown fi that character. Pimentel and Riggins (1987) strongly

Ivoc: 1 L

species as unknown for certain characte only detracted from the resolution of the tree. Another
option described by Pimentel and Riggit (1987), is the division of the terminal unit into two, but
this would also increase the number f terminals, resulting in a matrix too large to analyse

efficiently.

PAUP allows polymorphic codings (Sw ford 1993) and was thus used. Characters are described
in detail in Appendix 1. Due to the large data matrix (Appendix 2) the simple addition sequence
(Farris 1990) of the heuristic procedure in PAUP was used to construct a single initial tree. This
was analyzed using the tree bisection-reconnection branch (TBR) swapping routine to 1 ate

shorter or more trees of equal length. Only those trees of minimal length were stored.
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of the optimisations it is considered amt 10us. If a branch is unambiguous it is unambiguous for

both optimisations.

Non-directional evolutionary analyses

The sister lineages of seeding and resprouting species were located on the consensus tree. The
use of sister lineages ensures that each ¢ 1parison is independent (Felsenstein 1985b; Harvey and
Pagel 1991). Vanables are then compared between sister lineages. The number of species in each
seeding and resprouting lineage were counted and compared. In the case of the height
measurements and flower counts, where 1e sister lineage consisted of more than one species the
values of the terminal two species we. averaged to their common node. This value was then
averaged with the next species and so on until the basal node of the lineage was reached. The
final value was then compared to that of the corresponding value in the sister lineage. This
method varied from that of Felsenstein (  35b) only in that the values calculated for the ancestral

nodes were not weighted by the variance in the data.

The area occupied by sister lineages was calculated in a slightly different manner. Where there
was a single species of seeder and resprouter in the sister lineages, a straightforward comparison
of data was possible. However, in the 1ses where there was more than one species in one or
both of the sister lineages, the total area covered by the respective lineages was calculated prior
to comparison with the sister lineage. For example, if there were four species in one lineage and
one in the other, the combined area covered for the four species was computed and compared
witk a dby © 7 Ty intheot! i T " squaresw  en e

than one of the species occurred were « ly counted once.

The size of the area occupied by winged r keeled lineages was assessed using the same method
to evaluate the differences in the biogeographic distribution of seeding and resprouting lineages.
The presence of a wing or keel was map; 1 onto a cladogram and the total area for each lineage
calculated. In this manner the dispersal advantage a wing may confer, independent of fire survival

habit, was determined.

To statistically test the possible differences between seeder and resprouter lineages and winged
and keeled lineages for the different vari les, the data for the six sister lineages were compared

using Wilcoxon paired T-test.
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3. Keeled state/Seeding state
4. Keeled state/Resprouting state
Only fully resolved cladograms can be u 1, thus where there is more than one fundamental tree,

all should be used.

Edaphic specificity in seeders and res; outers

The relationship between fire survival habit and soil type was assessed using three substrate
categories, Table Mountain Group sandstone, coastal sands and limestone. The total number of
species found on each substrate was calculated. The proportion of seeding and resprouting

species for each category was determined.

The different substrates of each sister seeding and resprouting lineage were compared.

ECOLOGICAL ANALYSIS

Habitat specificity

The categories of rarity of Rabinowitz ez al. (1986) were used to determine habitat specificity
amoung species of Thamnochortus. Eight categories are created on the basis of geographic range
(wide or small), habitat specificity (broad or restricted) and population size (big and small).
Species are assessed in terms of its bioge jraphical distribution, the altitudinal and rainfall range
which it covered, the number of individuals which may be expected in any one population and
assigned to one of the eight. These data are obtained from herbarium specimen sheets,

descriptio ‘T “lol vations,res; |

The criteria of Schutte ez al. (1995) we used to allocate species to categories. Species were
considered widespread if the distributio area was greater than 200km, habitat specificity was
determined by an altitudinal range smaller than 500mm and rainfall difference over the distribution
range less than 500m. Additional inform on on habitat soil texture, from herbarium sheets and
observations, indicated that different species were associated with particular soil conditions. If
more than 50 individuals had been observed in a population, the species was considered common

in the area.

Ecological PCA

Groups of species with similar habitat requirements were located using the PCA ordination
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single species as these show either 0% or 100% similarity, thus accentuating errors and distorting
results. The phenon line was drawn to cut off six groups. The areas defined by the groupings of

grid squares were delineated on a map.

Parsimony method
Areas of endemism were located using the parsimony method of Morrone (1994). The matrix

was transformed into Hennig86 format with grid squares as taxa and the species as characters.
The size of the matrix prohibited an efficient branch-breaker search. Consequently a strategy of
‘long-thin' searches was employed, us ; Clados (Nixon 1992) to generate 100 random entry
sequences into Hennig86. Each sequ ce was searched with "h", and the shortest tree found
entered into "bb*". The strict conser 1s tree of the resulting trees was calculated using the

"nelsen' option and stored.

The procedure was repeated until the t  ology of the consensus tree found each time remained
the same. Repeated use of the consensus trees is intended to locate the most robust groups and
reduce the influence of widespread species (Morrone 1994). The consensus trees stored after
each run of the procedure were combined in a single file. The final consensus tree was calculated
from this combined tree file. Groupings of grid squares are defined by unique combinations of
species associations or by species specific to those grid squares. Groups of quadrats which have
at least two species unique to them are regarded as areas of endemism, and distribution
boundaries of the endemic species are ma ed to delineate the boundaries of each area (Morrone

and Crisci 1995).

oncentric ring meth

Species with a distribution area coveri ten grid squares or less were selected for mapping,
beginning with those covering the smallest number of grid squares. This group represented those

species with restricted distributions (Tal : 5).
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I'scabridus and T.schlechteri and 1 st sei have female spikelets which are as wide as long.

Species included in the I.amoena-T.dumosus and T.stokoei clades share a unique character,

chartaceous female bracts.

The T.gracilis-T.obtusus clade, with the exception of TI.gracilis, has sterile branches
predominantly from the base of the culms which are present while flowering. Two other species
which share this combination of sterile branch characters are 7’pellucidus and 1.dumosus. The
T gracilis clade, along with 7.0btusus and 7T.punctatus, have linear lanceolate bracts on the female
spikelet. In all species of the 7.gracilis clade, these female bracts are less than 8mm long (also

in T.obtusus, T.bachmanii and T.pluristachyus).

I’ punctatus, 1.insignis and T.bachmanii have lorate male inflorescences, a feature which recurs
in the T karooica-T.spicigerus pair and in T.fraternus. All of these species, and T.erectus, have

male spikelets which have a box-like shape.

The entire 7.acuminatus-1.bachmanii clade, with the exception of 7.dumosus, have winged outer

tepals in the female flower. V"~ s also « cur in the 7.spicigerus clade and in 7pluristachyus.

Female flowers of the T’ pellucidus clade have keeled outer tepals. Keeled tepals of the female
flowers are also present in the 7.paniculatus clade, T.dumosus, T.pulcher, T.nutans and
I nsieae. The T.gl ~ r clade has n -ow oblong female flowers which are also found in
T fraternus and T.muirii. The nuts of the 7 glaber clade are ovate, not round. Ovate nuts are

also found in 7.fruticosus, 1T.pulcher and I.paniculatus.

Between the T pellucidus clade and the T pluristachyus clade lie T.pulcher and T.nutans.

Together with 7.dumosus these species have distinct female bract awns.

The TI.erectus-T.pluristachyus clade ¢ itains two clades within it, the Z.erecfus and
T pluristachyus clades. The entire T.er. fus-1.pluristachyus clade has culms over 1,5cm in
diameter, although there are some exceptions in 7. fraternus, I.muirii and T.paniculatus where
specimens have culms thinner than 1.5¢ = Other species with thick culms are 7cinereus,

T.insignis and T.glaber. The male bracts of the 7 erectus-T.pluristachyus clade are less than
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Removing all three species changes the ¢l logram topology considerably, decreases the treelength
to 227 steps and increases the consistency index to 0.3. T.nutans and T.levynsieae are basal in
the Thamnochortus group, T.spicigerus < e forms a polytomy with the 7. fraternus and T.muirii.
The T.glaber clade is contained in a  ge polytomy with 7.gracilis, T.arenarius, T.lucens,
T.obtusus, T pellucidus and T.sporadicus. The T.stokoei clade is placed in the same polytomy.
T.dumosus and T pulcher are grouped with the 7.stokoei clade. The T.dumosus-T.amoena clade

remains without 7.dumosus.

The highest consistency index, 0.31, and lowest treelength, 219, was obtained by removing
T bachmanii and T.punctatus. Apart fr¢ | the T.spicigerus clade the terminal groups remained
intact but there was a basal polytomy of clades including all species from the 7. bachmanii clade
to I.levynsieae. T.insignis and T.erectus formed part of this polytomy, with 7. karooica and

T spicigerus remaining together as a species pair.

Finally, removal of T.punctatus and T.insignis, altered the topology considerably. The
1. bachmanii clade, without 7.obtusus and 1.sporadicus, and including 7.dumosus, was placed
below the 7.dumosus-1.amoena clade. T. T.stokoei clade was still intact but as a sister lineage
to T.papyraceus, with T.obtusus and T.sporadicus, and the T.pellucidus clade basal. The

T erectus-T pluristachyus clade remained intact.

This analysis confirmed that the topology below the level of the terminal clades lacked integrity.
of  otstrap values, the reiterative analys indicated that clac . with a bootstrap value
of 20% were robust, although species associations with a bootstrap greater than 10% showed a

tendency to remain together.

COMPARATIVE BIOLOGY AND E' JLUTION

Non-phylogenetic analyses

The Mann-Whitney U tests comparing all values of resprouters to those of seeders, without the
influence of history, show no significant « ference between resprouters and seeders in terms of
geographical area, height and number of flowers per culm. Similarly, there was no significant
difft 1ce in area occupied by winged or ki :d species. The chi-squared test indicated that there
was no significant relationship between female outer tepal development and fire survival strategy

(Table 8) (P=0.073).
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Table 77 Dict=ihytion of fmanice with

—_Species
T.acuminatus
T.amoena
T.arenarius
T.bachmanii
T.cinereus
T. i
T.dumosus
T.ellipticus
T.erectus
T .fraternus
T fruticosus
T.glaber
T.gracilis
T.guthrieae
T.insignis
T.karooica
T.levyniseae
T.lucens
T.muirii
T.nutans
T.obtusus
T.paniculatus
T.papyraceus
T.pellucidus
T.platypteris
T.pluristachyus
T.pulcher
T.punctatus
T.rigidus
T'.scabridus
T.schlechteri
T.spicigerus
T.sporadicus

T.stokoei

s an

+ +~ «t-~ four areas of similarity.

B D
+
+
+
+ o+
+ o+
+ o+
+
+ o+
+ 4
+ o+
+
+ 4
+ 4
+
+
+ o+
+ 4
+
+
+ o+
+
+
+ o+
+
+ 4
+
+
+
+
+
+
+
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entric ring map method

The overlay of species distributions (F  23) pin-points areas of endemism corresponding to
parsimony areas A, D, E, F and G and illustrates the overlap of distributions between the endemic

areas.

In the Cedarberg and Koue Bokkeveld region, which corresponds to area A in the parsimony
method, there are effectively two centt . of endemism: the Cedarberg area with 7.comptonii
endemic and 7 acuminatus. The distribution range of 7.acuminatus overlaps with the Koue

Bokkeveld area which has two endemics, 7.schlechteri and 1.scabridus.

The south-western mountains (area D of the parsimony method) are fairly central relative to the
other areas of endemism. There is considerable overlap of species distributions from both area
G, the Cape Peninsula, and are F, the southern coastal flats in the mountains of area D.
T arenarius and T spicigerus overlap fro area G while 7’ pellucidus and T.dumosus overlap area
D and F. There are two species enderr  to the Riviersonderend, Hottentots-Holland range of

area D, 7 stokoei and T pulcher.

The Langeberg centre, area E in the parsimony analysis, is supported by three species, 7.karooica,
Tellipticus and T.amoena. The distributic of 7. karooica extends across the Gouritz River valley

to the Outeniqua range.

The adjacent south coast flats is of _cor  nding to area F. On the map
of distributions (Fig. 23) the area of ove ip is smaller and more coastal than that circumscribed
for area F. The eastern most boundaries of 7.pluristachyus and 1 paniculatus overlap with the
distributions of 7. pellucidus and 1.dumosus. T pellucidus and 1.dumosus range from the
Overberg to Cape Agulhas. In the Overberg region the distributions overlap with the

Riviersonderend, Hottentot-Holland re. »n of endemism.

The Cape Peninsula represents the most ‘ongly supported area of endemism, area G. 7.nutans
and T’ levynsieae are both endemic to e Table Mountain chain. 7.punctatus occurs on low
altitude areas of the Cape Peninsula with outlying populations extending up the west coast to the
Malmesbury area. I.spicigerus has a similar distribution but it is restricted to coastal dunes.

There is an outlying specimen of 7’spicigerus adjacent to the Overberg centre of endemism.
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I.arenarius is another species whose distribution overlaps with the Cape Peninsula area of

endemism and that of the Overberg regic
A single species, 1.papyraceus, is endemic to the high altitude region of the Klein Swartberg.

Species with similar geographical distribution patterns

The initial differentiation in this phenogr: 1 (Fig. 24), at a similarity level of 0.003, corresponds
to the dry northern area (A and B; Fig. 21°  nd the Cape Peninsula-South coast region (C and D,
Fig. 21).

The first group, I.acuminatus-T.papyraceus, is a dry arid coast and inland mountain group,
including species from the west coast in 1d to the Cedarberg-Koue Bokkeveld and across the

Karoo to the Klein Swartberg (Fig. 25).

The second group, I. amoena-T.stokoei includes those species from the Cape Peninsula,
Overberg, Riviersonderend, Agulhas and south coast flats and adjacent mountain ranges. This
group divides into two at a similarity level of 0.007 (Fig. 24) forming the 7.amoena-1.glaber
group, from the Langeberg and Tsitsikama ranges (D, Fig 21), and I arenarius-1.stokoei group,
from the Cape Peninsula, Agulhas and South coast flats (Fig. 25).

T.glaber is an anomaly in the Langebe group as it has a coastal distribution, ranging from

Kn ' ardstotl Dv sar or t Ca

The first division, at similarity value of 0.016, in the Cape Peninsula-South coast flats section,
T.arenarius-1.stokoei, separates 1.stoko from the rest of the group. The position of 7.stokoei
is an anomaly. This is a species with a distribution restricted to the Riversonderend mountains.
It may have been placed with the Cape-Pe 1sula-Overberg group or with those species occuring
on the south coast flats or in adjacent mountain ranges. It is possible that the combination of the
position of the grid relative to the geographical topology and collection gaps placed the

documented distribution of the species between the two divisions.

The second major division (similarity value 0.047) distinguishes the group of species on the south

coast flats from the 7.arenarius-1.erectus group, which has a distribution ranging from the Cape
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Biogeography and ecology of groups

Geographically the distributions of the groups in the species complex are not all completely
disjunct. 7.bachmanii and T stokoei have adjacent distributions (Fig. 4 and 5) as do 7"scabridus
and 7.schlechteri (Fig. 6 and 9), while the locality of some specimens in the 7’ platypteris clusters
(Fig. 8) are situated within the distribut n areas of T.compionii (Fig. 7), 1.schlechteri (Fig. 6)
and T.scabridus (Fig. 9).

T bachmanii specimens occur at fairly low altitudes (Table 23) in sandy-gravelly habitats.
Adjacent to the southern group of 7'bact anii specimens lies the south western mountains where
T stokoei specimens tend to be found at high altitude in damp gravelly-rocky substrates.
T’schlechteri specimens are collected fro1 :he Koue Bokkeveld region at a similar altitude to that

of 7.stokoei, but in a much drier substrate.

The distribution of the 7' platypteris clus rs overlaps with 7.comptonii localities in the northern
Cedarberg and with 7.scabridus and T. "echteri in the Koue Bokkeveld region. There is no
ecological or geographical distinction between the two 7.platypteris clusters. 1.comptonii is
distinct from I.platypteris, occurring at a much higher altitude (Table 23). Similarly,
T.schlechteri specimens in the Koue Bokkeveld are ecologically distinct from 7.platypteris,
occurring at higher altitudes. 7.scabridu: found at the same altitudes as 7. platypteris but grows

in distinct substrate, sandy blow-outs rather than gravelly sand.

Recc _ tion of spec

The pattern observed in the field was indicative of closely related groups shifting across ecological
gradients. The question was, which species should be recognised for cladistic analysis?
1:bachmanmii, 1 stokoei and 1.schlechteri specimens form discrete if closely related groups, with
two exceptions. 7.bachmanii88 which groups morphologically with 7.stokoei because of the
solitary spikelets but is geographically within the distribution of 7. bachmanii, and T.stokoei62
which is a morphological outlier to the e1 re species complex due to the length of the odd outer

tepal in the female flower, but which lies within the distribution of 7 stokoei.

The relationships between the T platypteris, 1.comptonii and T.scabridus specimens based on
morphology are far more complex. The specimens of 7.platypteris are separated into main two

groups in the cluster analysis. This pattem is not repeated in the PCA analysis and there does not
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appear to be any geographical or ecolo :al difference in the two groups of specimens. In the
cluster analysis, based on morphology, one of the groups, 7. platypteris2, is embedded in a group
with the 7.comptonii and T.scabridus specimens. The other group 7 .platypteris] is particularly
similar to the 7.comptonii, T.platypteris2, 1.scabridus group. Geographically 7.scabridus is
distinct but localities for specimens of I.platypteris and T.comptonii overlap, however

T’comptonii and T platypteris specimens are distinct in altitude and substrate.

The complexity of the patterns does r  resolve the species boundaries. It does, however,
illustrate the variation in characters found in 7hamnochortus. Considering the extent of the
variation it was decided to err on the side of caution and recognise each species separately rather
than including T platypteris, T.comptonii and T.scabridus in one species and having many
polymorphic characters in the cladistic  itrix. The species delimitations of Linder (1985) and
Pillans (1928; 1945) were used recognising 1.bachmanii, 1.stokoei, 1 .schlechteri, T platypteris,

T.comptonii and T.scabridus.

CLADISTICS
Cladogram structure
The cladogram is very well resolved g 10a and b), with lack of resolution only in the

T sporadicus clade. By conventional m« 10ds the support for this topology is weak.

Testing the cladogram

Boo rap support for the major no«  apart from T.acuminatus-1.stc  i,isy  ally over 50%.
However, one clade in particular, T.bachmanii clade, is very weakly supported in the bootstrap
analysis. The 7 gracilis-T.obtusus cladeh abootstrap value of 10.32%. While this value is not
high, it is understandable in the ligl of the varation in characters within the genus
Thamnochortus. However, with the inclusion of the sister species 7.insignis and 1. bachmanii
the bootstrap values drop to 1% and 2% respectively. This is particularly poor support and
affects the bootstrap values on the rest of the cladogram (Fig. 12).

These low bootstrap values are probably related to the malleable relationship which these two
species have with this clade. Given thatth = are synapomorphies supporting the placing of these
species in other clades, e.g. male spikelets lorate joining I.punctatus, T.insignis, T.bachmanii,

T karooica, T.spicigerus and T fraternus, T.insignis and T.erectus share the apomorphy of
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subsidiary cells which overtop the guard « Is, it is possible that placing them in this group would
improve the bootstrap values. However, removing the three sister species to the polytomy clade
in different combinations, did not alter 1e terminal group arrangements to any great degree,

although in some cases the basal nodes from 7.arenarius-1.levynsieae collapse to form a

polytomy.

The low bootstrap values are consistent with the low consistency index and absence of unique
synapomorphies, however they do not = lect the resolution of the terminal clades determined
during the reiterative deletion of the pri lem taxa, 7.bachmanii, 1.insignis and T.punctatus.

Poor bootstrap values may be due to few characters or lack of character congruence (Sanderson

1989). The latter explanation applies to 1ammnochortus.

Consistency in characters

Features in Thamnochortus exhibit a great deal of variation in some respects and little in others.
For example, continuity between different s  es meant that in four characters a species was coded
as “either/or' for the character states. The in mediate forms hindered the delimitation of states,

thus variation was not consistently extren to allow for definitive character state delimitation.

The majority of characters in Zhamnochortt 1ad what may be considered a very low consistency
index, between 0.3 and 0.4 (Fig. 11). TI low consistency indices is related to high levels of
homoplasy (Sober 1988). Several studies have indicated a link between homoplasy and the size
of the data matrix (Chappill 1989, " ° ‘onand Donc we 1989; Klas 1ei . 1991). Klass
et al. (1991) graphically portrayed the relationship between the number of taxa, characters and
the consistency index for random data, for ta sets of between 30 to 35 taxa and 50 characters
a consistency index of between 0.1 and 0.15 could be expected. Furthermore, relating the number
of taxa to the consistency index using data from published literature, Klassen et al. (1991),
illustrated that for data sets of between 30 to 40 taxa a consistency index of between 0.1 and 0.3
can be expected. Thus, the ci values for the cladogram, and characters, of Thamnochortus may
be related to the size of the data matrix. Data from other studies support this hypothesis, for
example, a study in the Leguminosae with a ¢ a matrix of similar size (37 taxa and 81 characters)
had a consistency index of 0.256 (Ridder-Numan 1995).
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Fig. 5. The distribution of 7stokoei.
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