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Abstract 

The glacial-interglacial cycles that characterise the Pleistocene epoch has been shown to have 

profound consequences for the distributions of biota. The present study seeks to assess, in an 

explicitly phylogenetic context, the impacts of glacial-interglacial climatic cycling on the 

distributions of Pleistocene-aged lineages within the Syncarpha-Anaxeton lineage of paper 

daisies (Asteraceae: Gnaphalieae). These daisies are narrowly distributed, with a high proportion 

confined to high elevation sites. The aims of this study are to infer a well-resolved phylogenetic 

hypothesis for the Syncarpha-Anaxeton clade and, in the context of this tree: (i) to assess the 

evidence for climatic niche conservatism; (ii) to characterize the climatic niches of Pleistocene-

aged lineages and assess which of lineages are most conservative in terms of niche evolution; 

and (iii) to assess the extent to which glacial versus interglacial conditions prompt cyclical range 

fragmentation and connectivity within each Pleistocene-aged lineage. Our study identifies 12 

clades of Pleistocene age with a contemporary species richness (from 2 to 9 species) that is the 

outcome of population differentiationthat occurred during the Pleistocene. There is a general 

pattern of climatic niche conservatism across these clades with certain clades found in particular 

habitats reflecting a reduction in range extent (and increased range fragmentation) since the 

LGM, but others clade reflecting range expansion. 

.  

 

 

 



Introduction 

 

The fluctuating climate of the Pleistocene epoch, characterized by glacial-interglacial cycles 

occurring at approximately 100 kyr intervals caused by the Milankovich cycles of precession, 

eccentricity and obliquity (Petit et al., 1999; Rahmstorf, 2002), has undoubtedly had profound 

consequences for the Earth’s biota. Landscape changes resulting from these perturbations would 

have periodically disconnected and connected populations. This process is dependent on 

phylogenetic niche conservatism (based on factors including lack of variability, gene flow, 

pleiotropy and natural selection), which prevents adaptation to changing conditions and causes 

organisms to track the varying environment (Wiens, 2004a, b). It is believed that these cycles 

have caused increased rates of allopatric speciation (Rand, 1948), as well as differentiation of 

conspecific populations (Klicka and Zink, 1999), through geographic isolation of gene pools 

(Dynesius and Jansson, 2014). Examples of these processes include the Neotropical genus Inga 

(Fabaceae), which experienced rapid speciation as a consequence of glacial-interglacial cycling in 

this period (Richardson et al., 2001), and many North American bird lineages which speciated in 

response to Pleistocene climatic instability (Johnson and Cicero 2004). Pleistocene climate 

perturbations were also important in speciation of Senecio (Coleman et al., 2003). Additionally, 

splitting and radiation of the grasshopper genus Melanoplus in the Rocky Mountains was 

resultant of glacial-interglacial cycling (Knowles, 2001). 

The remarkable evolutionary radiations of multiple lineages within the spatially-compact Cape 

Floristic Region (CFR; Goldblatt 1978)(Figure 1) of South Africa renders this region an ideal system 



for investigating the mechanisms of angiosperm diversification (Ellis et al., 2014). Within the CFR, 

topographical heterogeneity has long been thought to promote species differentiation, often 

being invoked to explain the spectacular richness of the Cape flora (Verboom 2015). Adamson 

(1958) noted that the Cape is a region favourable to species differentiation and suggested that 

climatically induced fragmentation may have played an important role in the observed richness 

of the Cape montane flora. In general, current evidence supports the conceptual model of 

increased precipitation and humidity in the Greater Cape Floristic Region (GCFR) during phases 

of the most recent glacial period (Chase and Meadows, 2007). In addition, Chase and Meadows 

(2007) report that during the last glacial–interglacial cycle wetter conditions in the west contrast 

strongly with more arid conditions in the central south coast. This trend is in accordance with an 

earlier hypothesis (Meadows and Baxter, 1999) that the south and west experience different 

glacial climates. The interaction between the climate change associated with Pleistocene glacial 

cycles and topographical heterogeneity of the Cape fold mountains have consequences for 

species’ ranges. One result of such interaction is the contraction and fragmentation of species’ 

ranges, which result in reduced gene flow, ultimately facilitating divergence and speciation (Ellis 

et al., 2014). Alternatively depending on the niche preference of the species there is a possibility 

for range expansion; it is therefore necessary to characterize the climatic niches of clades 

investigated in this study.   

 

 

 



 

 

 

 

 

 

 

 

 

The present study seeks to assess, in an explicitly phylogenetic context, the impacts of glacial-

interglacial climatic cycling on the distributions of Pleistocene-aged lineages within the 

Syncarpha-Anaxeton lineage of paper daisies (Asteraceae: Gnaphalieae). This clade is highly 

appropriate for a study of this type as many of its species are narrowly distributed, with a high 

proportion confined to  high elevation sites (Lundgren 1972; Nordenstam, 1996). Besides 

Anaxeton (10 species) and Syncarpha (21 species), the Syncarpha-Anaxeton clade 

(hereafter referred to as the SEA clade) comprises Anderbergia (6 species), Edmondia (3 species), 

Langebergia (one species) and Petalacte (one species). In addition, the possession of involucral 

bracts with non-fenestrated stereomes suggest that the seven species currently included in 

Hilliard’s (1983) Helichrysum Group 10 are misplaced there (Galbany et al. 2014; Hilliard 1983), 

the SEA clade providing a potentially better home for these taxa. Consistent with this perspective, 

Galbany-Casals et al. (2014) has shown that H. dasyanthum falls outside the HAP clade, while Nie 

et al. (2015) resolved  H. dasyanthum within the SEA clade and H. hebelepis within 

Figure 1: Satellite image of the CFR (Google Earth, 2018). 



Helichrysum. The phylogenetic relationships of the remaining five Helichrysum Group 10 species 

(H. capense, H. catipes, H. marifolium, H. plebeium and H. rotundatum) have never been 

assessed, however.   

The specific aims of this study, then, are to infer a robust, well-resolved phylogenetic hypothesis 

for the SEA clade and, in the context of this tree: (i) to assess the evidence for climatic niche 

conservatism (Blomberg et al., 2003); (ii) to characterize the climatic niches of Pleistocene-aged 

lineages and assess which of lineages are most conservative in terms of niche evolution; and (iii) 

to assess the extent to which glacial versus interglacial conditions prompt cyclical range 

fragmentation and connectivity within each Pleistocene-aged lineage. This will be done by means 

of modelling current and past distributions of Pleistocene-aged lineages, incorporating 

environmental layers from the present and from the LGM using Maximum Entropy (MaxENT) 

species distribution models (Philips et al., 2004). The phylogeny will enable identification of 

Pleistocene-aged lineages as well as elucidate the placement of the Helichrysums with non-

fenestrated stereomes.   

 

 

 

  

Figure 2: a) Close up and b) habitat of Anaxeton asperum. 

b) a) 



Materials and methods 

 

Molecular phylogenetic analysis 

 

Taxon sampling  

For the purpose of generating the phylogenetic hypothesis for the SEA clade, the ingroup was 

sampled as completely as possible. Sequences of Anaxeton, Anderbergia, Langebergia and 

Petalacte was obtained from Fleming (2015). Leaf material of Group 10 Helichrysum species that 

were not previously included in molecular phylogenetic analysis were obtained from herbarium 

specimens housed in the Compton Herbarium, Kirstenbosch (NBG). A wide range of outgroup 

species were included, for molecular-clock calibration purposes, in order to break up long 

branches, and to properly test the phylogenetic position of the Helichrysum species. Distantly 

related taxa were sampled relatively sparsely as representatives of major clades within the 

Gnaphalieae (the clades being Relhania, HAP, SIM (Stoebe, Ifloga and Metalasia clade), FLAG 

(Filago, Leontopodium, Antennaria and Gamochaeta clade), the Gnaphalium s.str. clade 

(including Plecostachys, Tenrhynea and the Syncarpha segregate genus) as well as the large 

Australasian clade. The origin and references for external sequences are indicated in the taxon 

sampling table (Table A1). 

 



DNA isolation, amplification and sequencing 

 

Approximately 30 mg of dried leaf material was pulverized using with a mortar and pestle in liquid 

nitrogen. Total DNA was isolated with the QIAGEN® DNeasy® plant mini kit (Qiagen GmbH, 

Hilden, Germany) in accordance with the manufacturer’s protocol.  

The external transcribed spacer (ETS) and internal transcriber spacers (ITS), two nuclear 

ribosomal regions with proven species-level phylogenetic utility in Gnaphalieae, and large 

representation on Genbank, were used for phylogeny inference and molecular dating. Plastid 

markers were not attempted due to known incongruence with both ribosomal phylogenies and 

morphology in Gnaphalieae (Bergh N.G., pers. comm.). The ETS region was amplified as a single 

region; for most samples, ITS was also amplified as a single region but for samples in which this 

was unsuccessful, the ITS1 and ITS2 spacers were amplified separately using two sets of primers. 

Primer names and sequences are detailed in Table 1. All PCR amplifications were performed in 

25 μl volumes. The reactions comprised 13.75 μl sterilised water, 1 U KAPA taq DNA polymerase 

(Kapa Biosystems Inc., MA, USA), 2.5 μl KAPA Taq Buffer B (10X) which contains MgCl2 at 1.5 mM; 

additional MgCl2 for a resultant totalMgCl2 working concentration of 2 mM; a final concentration 

of dNTP’s of 200 μM, 0.5 μl dimethyl sulfoxide (DMSO); 0.5 μl 100 % Bovine serum albumin (BSA), 

0.5 μM of each primer and 4 μl of DNA template. Various DNA template dilutions were trialed 

during optimisation (raw extract, 10 X dilution and 100 X dilution) with most samples amplifying 

successfully at 10 X dilution. 



The thermal profile for ETS amplification consisted of an initial denaturation at 94◦C for 2 minutes 

followed by 35 cycles of: denaturation at 94◦C for 0.5 minutes, annealing at 50◦C for 1 minute, 

and extension at 72◦C for 2 minutes. A final extension step lasted 10 minutes at 72◦C.  The 

thermal profile for ITS amplification consisted of an initial denaturation at 94◦C for 2 minutes 

followed by 35 cycles of: denaturation at 94◦C for 1 minute, annealing at 52◦C for 1 minute, and 

extension at 72◦C for 1.5 minutes. In cases where initial amplification did not yield reliable PCR 

products another PCR was carried out using a 10-3 dilution of the initial PCR product as template 

in the re-amplification, using the same thermal profiles as the first amplification. In some 

instances, amplification with ITS 4-R and ITS 5-F primers did not yield successful PCR products. 

Internal primers were used in such instances to amplify the ITS 1 and ITS 2 regions separately 

(primer combinations ITS 5-F and ITS 2-R; primer combination ITS 3-F and ITS4-R). The ITS thermal 

profile outlined above was used with these internal primer combinations. 

Purification and sequencing of PCR products was performed by the Central Analytical Facilities, 

(University of Stellenbosch, South Africa) using the amplification primers (Table 1). Seqeuncing 

was performed in both directions. Chromatograms were reviewed and edited when necessary, 

and forward and reverse sequences were assembled into contigs, in Geneious 11.1.5 

(https://www.geneious.com). Initially, contigs were aligned using the MUSCLE online platform 

(Edgar, 2004) after which the alignment was checked manually in BioEdit Sequence Alignment 

Editor v 7.0.5.3 (Hall 1999). The criterion for manual alignment was minimisation of nucleotide 

substitutions.  



 

 Table 1: Sequences for primers used in this study 

 

Divergence time estimation and phylogeny construction 

Phylogenetic relationships and divergence times were estimated in the context of a Bayesian 

relaxed-clock using BEAST v.2.5.0 (Bouckaert et al., 2014; Drummond & al., 2006), with rate 

variation between branches being uncorrelated and drawn from a lognormal distribution. The 

analysis was performed on the dataset containing both ETS and ITS, with unlinked models of 

nucleotide substitution for the two regions. The best model of nucleotide substitution for each 

gene region was selected using MEGA version 4 (Tamura et al., 2007). Both ITS and ETS favoured  

the GTR+G model based on Bayesian Information Criterion (BIC) scores (Schwarz, 1978). Three 

independent BEAST MCMC chain lengths of 106 generations were run for the final analyses, 

sampling parameters every 103 iterations. Log files were examined in Tracer v1.7.1 (Rambaut et 

al., 2018) to ensure convergence and effective sampling from the posterior distribution. Prior to 

extracting means and 95% confidence intervals for divergence times, appropriate burn-in values 

(10%) were selected.  

Genome and primer name Sequence Reference 
nuclear ITS2-R  5’ GCT GCG TTC TTC ATC GAT GC 3’ White et al. (1990) 
nuclear ITS3-F  5’ GCA TCG ATG AAG AAC GCA GC 3’ White et al. (1990) 
nuclear ITS4-R  5’ TCC TCC GCT TAT TGA TAT GC 3’ White et al. (1990)  
nuclear ITS5-F  5’ GGA AGT AAA AGT CGT AAC AAG G 3’  White et al. (1990)  
nuclear ETS1-F  5’ CTG TGG CGT CGC GCA TGA GTT G 3  Starr et al. (2003)  
nuclear 18S-ETS-R  5’ ACT TAC ACA TGC ATG GCT TAA TCT 3’  Baldwin & Markos (1998)  



 

Calibration 

 

There are limited options for calibration of molecular clocks in Asteraceae as there are very few 

verified and well-dated fossils for the family (Hoffmann, 2012). Stoebe-Elytropappus-type low-

spine fossil pollen is ubiquitous in Quaternary palynological samples across southern Africa (e.g. 

Deacon et al., 1983; Bousman et al. 1988; Meadows & Sugden 1988; Scott & Bousman 1990). This 

pollen type occurs in a group of closely-related species in the genera Seriphium and Elytropappus 

(Koekemoer 2002, Koekemoer, 2015). The oldest record of low-spine pollen comes from an 

offshore core reliably dated to 8.6 Mya (Hoetzel et al., 2015) and allows me to calibrate the stem 

node of Seriphium cinereum and Stoebe vulgaris (now Seriphium plumosum), the two species 

representing this pollen type in my tree. This prior was set to have a lognormal distribution with 

a median = 1.282 Ma, standard deviation = 0.8 and an offset of 5 Ma (Hoetzel et al., 2015. The 

root node prior was set to have a normal distribution with a mean of 28.9 Ma and standard 

deviation of 6 Ma, the divergence time of Gnaphalieae based on the average of several estimates 

from previous molecular dating studies (34.5[20.6-52.3], 29.4[24.0-35.3] and 22.8[11.8-

29.4])(Nie et al., 2016; Barreda et al., 2015) The tree prior was specified using the calibrated Yule 

model. 

 

Climatic niche characterization of Pleistocene-age clades 



 

The dated phylogeny allowed for the identification of 12 lineages within the SEA clade which had 

originated before the start of the Pleistocene (Figure 3.2), around 2.6 Ma (Gibbard et al. 2010) 

and whose diversification took place during the course of the Pleistocene. Bioclim layers 

(consisting of monthly averages for minimum, maximum and mean precipitation and 

temperature for period 1970-2000) from WorldClim version 2 (Fick and Hijmans, 2017) were used 

to characterize the climatic niches of each of the lineages. Geo-referenced specimen localities 

from herbaria records made it possible to query bioclim layers for climatic data. All duplicates 

were removed from herbaria records and only records with a georeferenced accuracy of less than 

2000m were included in analysis. The variables were scaled and a Principal Components Analysis 

(PCA) was carried out with the “prcomp” function in R. The first three principal components were 

included in the phylogenetic signal analysis. To characterize the niches of clades and to assess 

niche similarity between different clades the means of climatic variables for each clade were 

computed and compared to that of clades generated through 1000 tip randomisations. The 

observed means were ranked relative to the randomisations. Variable means within a clade are 

considered to be significantly lower or higher than random when it ranked lower than the 25th 

position or higher than 975th.  

 

Phylogenetic signal and conservatism in climatic niches of clades 

 



To assess whether climatic niches in the SEA clade show phylogenetic signal/conservatism, K 

statistics  and p-values, based on the variance of standardized contrasts test (Blomberg et al., 

2003) were calculated using the “phylosignal” command in the Phytools package (Revel, 2012) in 

R  version 3.5.1 (R Core Team, 2018). The climatic variables examined included all 19 climatic 

variables (from Bioclim) as well as the first three principal components extracted by the PCA 

(above). A Brownian motion model was fitted to the tree and the diffusion rate parameter (σ2) 

estimated. This was ranked relative to a null of 1000 tip randomisations. A clade is considered to 

show conservatism in a particular variable if the diffusion parameter is significantly smaller than 

random. An observed σ2 is considered significant if is ranked lower than the 50th position. 

 

Species distribution modelling 

 

To assess the influence of glacial-integlacial climatic fluctuations on the distributions of clades, 

species distribution models (SDMs) were developed for each clade on the basis of herbarium 

specimen localities and present-day climate layers. These models were then used to predict both 

the contemporary distribution of each clade and its distribution at the LGM. The climatic data 

used to model present distributions are the same as used in the analysis to test for climatic niche 

conservatism. The climatic data used to model distributions during the LGM are from WorldClim 

1.4 and consists of downscaled paleoclimatic data from simulations with Global Climate Models 

(Hijmans et al., 2005). The resolution of the climatic layers were 2.5 minutes (the finest scale 



available). For both periods all 19 WorldClim climatic variables were initially included.  Variable 

selection was done to avoid overfitting of models, with collinear variables being eliminated. 

MaxEnt (Maximum Entropy) species distribution models were constructed in R with the 

“maxent” function from the dismo package in R (Philips et al., 2004). Presence points were 

acquired through georeferenced records from the BOL, PRE and NBG herbaria. Only presence 

points with an accuracy of less than 2000m were included. One thousand points were drawn 

from the extent of the CFR to serve as background points. The background sample informs the 

model about the density of covariates in the region. We only have presence data but with 

presence and background data, we can model the same quantity as with presence-absence data 

(Elith et al., 2011). Model evaluation was carried out by means of assessing AUC (Area under the 

Receiver Operating Characteristic (ROC) Curve) values (Table A2). The number of species 

presences points included in the model of each respective clade is reported in Table A2. 

 

Range contraction/ expansion  

 

The extent of the range of a clade was simply quantified as the number of cells occupied on the 

raster layer of the predicted distribution (probability of presence > 0.5) at present and at the LGM 

respectively. 

 

Range fragmentation/ continuity  

 



Range fragmentation/continuity was quantified using an index of connectedness (CI) derived as 

follows. First, areas of overlap between the predicted LGM and contemporary ranges of clades 

were identified, using raster-algebra functions. The resulting raster was then converted into a 

series of polygons, each representing a continuous area of distributional overlap. A single point 

was then drawn randomly from each polygon, and the resulting point set used as a basis for 

comparing range continuity between the LGM and the present day. For each time-slice, points 

were compared in a pairwise-manner, being scored 1 if they fell on the same distributional 

polygon for that time slice and 0 if they fell on different polygons. The Connectedness Index (CI) 

was then calculated as the mean score across all point pairs, being the proportion of pairs that 

co-occur in the same distributional polygon. Thus CI = 0 is indictive of maximum fragmentation, 

with none of the pairs of the randomly drawn points falling on the same distributional polygon, 

while CI = 1 indicates that all points occur on the same polygon. Differences in the 

fragmentedness or continuity of LGM versus contemporary ranges were determined as ΔCI = 

CIpresent - CILGM.   

 

Results 

Molecular phylogenetic analysis 

The age of the root node, corresponding to the crown node of Gnaphalieae (Node A, Figure 3.2), 

was estimated at 32.21 [22.58, 42.78] Ma (median [95% HPD interval]), while the crown ages of 

the major outgroup lineages were estimated as follows: the Relhania clade (Node B), 21.21 

[10.25, 33.45] Ma; the SIM clade (Node C), 14.26 [9.20, 20.75] Ma; the HAP clade (Node D), 11.13 



[6.47, 16.33] Ma; the Gnaphalium clade (Node E), 14.85 [8.98, 21.34]; the FLAG clade (Node F), 

9.3 [5.20, 14.02] Ma, and the Australasian clade (Node H), 9.26 [5.71, 13.39] Ma. The crown age 

of the SEA node (Node G) was estimated at 7.45 [4.36, 10.95] Ma.  

The Australasian clade is sister to the SEA clade, which is made up of a well-supported clade of 

Syncarpha species (recovered as monophyletic; PP = 1, BS = 80%) which is sister to the remaining 

SEA taxa. In accordance with Fleming (2015), Anaxeton is recovered as monophyletic (PP = 1 but 

no bootstrap support). This lineage is estimated to have diverged at 3.8 Ma (95% HPD of 1.77-

8.28 Ma; Node C, Figure 3.2). The Anaxeton clade is sister to Edmondia (recovered as 

monophyletic, PP = 1, BS = 100%) and Petalacte. Despite the low bootstrap support from the 

combined parsimony analysis, Anderbergia and Langebergia together form a strongly supported 

clade (PP = 1, BS = 72%). The mean divergence time of this node (Node B, Figure 3.2) is estimated 

to be 2.9 Ma (95% HPD of 1.50 - 4.90 Ma). This clade comprises a subclade consisting of A. elsiae 

and A. vlokii (PP = 0.99, BS = 65%) and a strongly supported subclade of A. rooibergensis and 

three accessions of L. canescens (PP = 1, BS = 97%). This is in agreement with Fleming (2015). 

Helichrysum hebelepis is placed in the HAP clade, distant from the SEA clade (Clade D, Figure 3.1). 

All the Helichrysum species with unfenestrated stereomes grouped together in the clade 

comprising Petalacte, Anaxeton, Anderbergia and Langebergia (SEA clade, node G; Figure 1.1), 

While H. plebeium is unplaced in this clade, the remaining Helichrysum species are monophyletic 

(Node A, Figure 3.2; PP = 0.98 but no bootstrap support) and fall into two subclades, the first 

made up of three accessions H. dasyanthum and H. catipes (PP=1) and the second comprising H. 

capense, two accessions of H. rotundatum and H marifolium. 



  

Figure 3.1: Maximum clade credibility (MCC) tree giving an overview of the relationships between outgroups as 
well as the SEA clade (displayed in red) included in the relaxed clock analysis in BEAST. The two side lengths of the 
triangles representing clades are proportional to the distances to the closet and furthest leaf node. Node support 
is given on branches (Bayesian posterior probabilities (PP)/ parsimony bootstrap values (BS)). Only Nodes with a 
support of PP ≥ 0.95 and BS ≥ 0.95 are displayed. Internal tree scale is displayed at the top of the figure and is in 
millions of years from present.  



  

Figure 3.2: Maximum clade credibility (MCC) tree of the SEA clade from a relaxed clock analysis in BEAST. Node support is 
given on branches (Bayesian posterior probabilities (PP)/ parsimony bootstrap values (BS)). Only node values with PP ≥ 0.95 
and BS ≥ 70 are displayed. Internal tree scale is displayed at the top in millions of years from present. Subclades that were 
identified as Pleistocene clades are indicated with white circles.  

\ 



Climatic niche characterization of Pleistocene-age clades 

 

PCA of climatic variables yielded three principal components that cumulatively explain 86.09% of 

the total variance (Table 2). PC1 essentially describes precipitation amount (i.e. annual and 

winter rainfall) and temperature variability (annual and daily); PC2 describes temperature 

amount and elevation; and PC3 describes precipitation seasonality (i.e. precipitation seasonality 

and summer precipitation). Clade 3, Clade 4, Clade 11 and Clade 12 have a large number of 

variables that are higher or lower than expected by chance (Figure 4b). Overall clades 4,7,8, and 

9 have similar niches in that these clades prefer higher elevations, lower mean annual 

temperatures and have a higher mean annual precipitation (Figure 4b). Clades 1,2,5 and 12, 

appear to have climatic niches that resemble each other but is in contrast with these high 

elevation clades as they enjoy habitats that are lower elevation, have a higher mean annual 

temperature and lower annual precipitation. Clade 11 also exhibits some of these preferences 

and specifically resembles clade 12 as both these clades display similar trends with temperature 

variables (e.g. temperature seasonality, max temperature of warmest month and mean 

temperature of wettest quarter) being significantly higher than random and precipitation 

variables (e.g. precipitation of driest quarter) and PC1 significantly lower. Clade 11 however 

differs from these clades in that it is a slightly higher elevation species and enjoys a lower mean 

annual temperature but lower annual rainfall 

 

 



Table 2: Variable contribution to principal components in PCA. Variables that contribute 
substantially are in bold 
 

  PC1 PC2 PC3 
Cumulative variance represented by PC (%) 34.78 65.21 86.09 
Elevation 0.37 15.53 0.06 
Annual Mean Temperature 0.20 15.67 0.19 
Mean Diurnal Range 10.60 1.40 0.01 
Isothermality  1.51 2.27 6.57 
Temperature Seasonality 9.49 1.02 2.45 
Max Temperature of Warmest Month 7.31 4.59 0.35 
Min Temperature of Coldest Month 3.66 11.68 0.00 
Temperature Annual Range 10.86 0.99 0.19 
Mean Temperature of Wettest Quarter 0.12 7.82 7.84 
Mean Temperature of Driest Quarter 0.49 9.19 4.17 
Mean Temperature of Warmest Quarter  1.87 13.04 0.01 
Mean Temperature of Coldest Quarter  0.44 15.28 0.66 
Annual Precipitation  11.62 0.18 0.90 
Precipitation of Wettest Month 9.02 0.08 5.70 
Precipitation of Driest Month 5.70 0.35 10.97 
 Precipitation Seasonality 0.35 0.02 21.24 
Precipitation of Wettest Quarter 9.01 0.11 5.92 
Precipitation of Driest Quarter 5.31 0.41 11.37 
Precipitation of Warmest Quarter  3.76 0.30 13.77 
Precipitation of Coldest Quarter 8.33 0.09 7.64 

 

Phylogenetic signal and conservatism in climatic niches of clades 

 

Variables that displayed significant phylogenetic signal included mean diurnal range, 

isothermality, temperature seasonality, min temperature of coldest month, temperature annual 

range, mean temperature of the coldest quarter, annual precipitation, precipitation of the 



wettest month, precipitation of the wettest quarter and precipitation of the coldest quarter 

Mean diurnal range and temperature annual range display phylogenetic signal and are 

phylogenetically conserved (K=1.132 and K= 1.035 respectively) (Table 3). There is also moderate 

signal in temperature seasonality and minimum temperature of the coldest month (K =0.9208 

and K = 0.832 respectively). PC1 displayed moderate signal (K= 0.804). Elevation does not appear 

to be strongly conserved but does exhibit non-random phylogenetic signal with a significant p-

value (0.017).  

 

A large number (12) of significant σ2 rate parameters were observed in clade 7 (Figure 4a). The 

climatic niche of this clade is highly conserved relative to other clades. Variables within this clade 

that exhibit this pattern are elevation, annual mean temperature, mean diurnal range, 

isothermality, mean temperature of coldest quarter, annual precipitation, precipitation of driest 

month, precipitation seasonality, precipitation of wettest quarter, precipitation of driest quarter, 

precipitation of coldest quarter and PC2. Clade 1 displayed a similar trend where the diffusion 

parameter for 8 variables (elevation, annual mean temperature, mean diurnal range, mean 

temperature of driest quarter, mean temperature of warmest quarter, precipitation of wettest 

month, precipitation of warmest quarter and PC2) were significantly smaller than random. Clade 

6 displayed very low levels of conservatism with only one variable that was significantly 

conserved.  

 

 

 



 
Table 3: Phylogenetic signal and conservatism of climatic variables. The p-value (1-tailed) is the 
quantile of the observed phylogenetically independent contrast variance versus the null 
distribution. Variables that exhibit non-random phylogenetic signal are in bold while 
phylogenetic conservatism is indicated with an asterisk 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

  K P-value  
Elevation 0.547 0.017 
Annual Mean Temperature 0.430 0.131 
Mean Diurnal Range 1.132* 0.001 
Isothermality  0.705 0.001 
Temperature Seasonality 0.921 0.001 
Maximum Temperature of Warmest Month 0.378 0.336 
Minimum Temperature of Coldest Month 0.832 0.001 
Temperature Annual Range 1.035* 0.001 
Mean Temperature of Wettest Quarter 0.383 0.294 
Mean Temperature of Driest Quarter 0.393 0.244 
Mean Temperature of Warmest Quarter  0.367 0.381 
Mean Temperature of Coldest Quarter  0.570 0.017 
Annual Precipitation  0.700 0.001 
Precipitation of Wettest Month 0.730 0.001 
Precipitation of Driest Month 0.413 0.198 
Precipitation Seasonality 0.485 0.066 
Precipitation of Wettest Quarter 0.717 0.001 
Precipitation of Driest Quarter 0.409 0.211 
Precipitation of Warmest Quarter  0.439 0.121 
Precipitation of Coldest Quarter 0.726 0.002 
PC1 0.804 0.001 
PC2 0.469 0.072 
PC3 0.464 0.102 



 

 
  

Figure 4: a) Heat map displaying σ2 rate parameter for clades under a fitted Brownian motion model 
compared to values acquired through fitting BM models to clades on trees during 1000 random tip 
permutations. b) Heat map displaying ranks of observed mean values of environmental variables 
within clades relative to means acquired for clades on trees during 1000 random tip permutations. 
Cells containing significant ranks are outlined.  

a) 
 

b) 
 



Species distribution modelling 

 

Model evaluation yielded that all models were adequate and had AUC values higher than 0.8 with 

the majority being higher than 0.9 (Table A2).  

 

Range contraction/ expansion and range fragmentation/ continuity  

 

The effects of glacial-interglacial climate change on the extent of the modelled distribution range 

varied from clade to clade. Half of the clades experienced range contractions from the LGM to 

present (1, 2, 5, 6, 8 and 12) while others expanded their ranges (Clade 3, 4, 7, 9, 10, 11) (Table 

4; Figures 5 and 6). Similarly, the effect of glacial cycling on connectedness/ fragmentation varied 

depending on the clade. During the LGM, some species’ ranges were more fragmented than their 

contemporary ranges (ΔCI > 0; especially clades 3, 6 and 11), those of others were more 

continuous (ΔCI < 0; especially clade 4) (Table 5, Figures 5 and 6).  

  



Table 4: Expansion/ contraction in ranges of clades at present and during the LGM (measured 
as the number of cells occupied on the raster layer)  
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Table 5: Connectedness index (CI) indicating measure of fragmentation in species’ ranges at 
present and during the LGM. (DCI is calculated as the difference between CI at present and at 
the LGM) 
 
 

 

  

  Cells (n) during LGM Cells (n) at Present % Change 
Clade 1 274 211 -30 
Clade 2 543 420 -29 
Clade 3 518 590 12 
Clade 4 819 877 7 
Clade 5 460 455 -1 
Clade 6 905 850 -6 
Clade 7 177 192 8 
Clade 8 23 15 -53 
Clade 9 90 170 47 
Clade 10 209 220 5 
Clade 11 65 106 39 
Clade 12 255 200 -28 

Clade LGM Present DCI 
1 0.066 0.000 -0.066 
2 0.032 0.121 0.089 
3 0.300 0.600 0.300 
4 0.278 0.000 -0.278 
5 0.025 0.012 -0.012 
6 0.011 0.132 0.122 
7 0.027 0.023 -0.004 
8 0.010 0.000 -0.010 
9 0.066 0.010 -0.056 
10 0.020 0.055 0.036 
11 0.000 0.333 0.333 
12 0.009 0.097 0.088 



 
 

  

Figure 6: a) Expansion/ contraction in ranges of clades (expressed as % change) and 
b) change in range fragmentation expressed as ΔCI (CIpresent - CILGM) 
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Discussion 
 

Our study identifies 12 clades of Pleistocene age with a contemporary species richness (from 2 

to 9 species) that is the outcome of population differentiationthat occurred during the 

Pleistocene. There is a general pattern of climatic niche conservatism across these clades with 

certain clades found in particular habitats reflecting a reduction in range extent (and increased 

range fragmentation) since the LGM, but others clade reflecting range expansion. 

 

Our study confirms the monophyly of Syncarpha s.str., Anaxeton and Edmondia (Figure 3.2). The 

strongly-supported placement of 6 of the Helichrysum species with un-fenestrated stereomes 

within the SEA clade has implications for genus-level taxonomy; clearly, these species do not 

belong in Helichrysum. If further data recovers support for these Helichrysum species as sister to 

Anderbergia/ Langebergia, one of these genera could be expanded to include them. 

Alternatively, a new genus, potentially sister to Anderbergia/ Langebergia, may need to be 

created to accommodate these taxa. Since phylogenetic resolution is lacking within the 

Anderbergia/ Langebergia clade, it is recommended that a formal generic reassignment be 

deferred pending further morphological investigation and possibly more phylogenetic data. 

Anaxeton species are taxonomically intricate and not easily defined (Lundgren, 1972). Species 

boundaries in this group can be unclear and need to be addressed. Although the SEA clade was 

sampled very well, there remain four species for which sequences have not yet been obtained 



(Anaxeton angustifolium, Anderbergia epaleata, Anderbergia fallax and Anderbergia ustulata) 

due to lack of feasible leaf material for DNA extraction.   

     

The Pleistocene-aged lineages were identified as follows: Clade 1: Syncarpha vestita and 

Syncarpha speciosissima; Clade 2:  Syncarpha zeyheri, Syncarpha gnaphaloides and Syncarpha 

argyropsis;  Clade 3:  Syncarpha milleflora and Syncarpha eximia;  Clade 4:  Syncarpha marlothii, 

Syncarpha montana, Syncarpha loganiana,  Syncarpha variegata, Syncarpha dykei, Syncarpha 

dregeana, Syncarpha flava, Syncarpha ferruginea, Syncarpha staehelina and Syncarpha affinis;  

Clade 5:  Edmondia sesamoides, Edmondia fasciculata, Edmondia pinifolia (the genus Edmondia);  

Clade 6:  Helichrysum dasyanthum, Helichrysum catipes;  Clade 7:  Helichrysum capense, 

Helichrysum marifolium and Helichrysum rotundatum; Clade 8: Langebergia canescens and 

Anderbergia rooibergensis;  Clade 9: Anderbergia elsiae, Anderbergia vlokii  Clade 10:  Anaxeton 

virgatum and Anaxeton asperum subsp. pauciflorum,  Clade 11:  Anaxeton nycthemerum, 

Anaxeton ellipticum and Anaxeton brevipes;  Clade 12:  Anaxeton asperum subsp. asperum, 

Anaxeton laeve, Anaxeton arborescens. There exists a general relationship between phylogenetic 

similarity and niche similarity as the majority of climatic variables (> 60%) exhibited phylogenetic 

signal and/ or niche conservatism. Overall trends include that the temperature niches of species 

are highly conserved and that there is phylogenetic signal in winter rainfall. There is an apparent 

bimodal niche occupation whereby some clades (clades 1, 2, 5 and 12) prefer habitats that are 

higher in elevation, with cooler temperatures and have higher precipitation but others (clades 4, 

7, 8, 9 and 11) favour lower elevation, higher temperature and lower precipitation habitats. Some 

clades (clades 6 and 10) exhibit particularly low levels of conservatism. 



 

Although populations that are ecologically and spatially separated along the diverse 

environmental gradients of the Cape experience differentiation and may ultimately speciate in 

response to divergent selection, the importance of non-adaptive vicariant speciation must not 

be underestimated (Ellis et al., 2014; Verboom et al., 2015). Drift potentially plays a role in 

differentiation between isolated populations of these species. Although dispersal limitation can 

promote speciation by promoting local adaptation it also restricts divergence by impeding 

colonisation of new areas across environmental gradients (Dynesius and Jansson, 2000). 

Climatically induced range fragmentations are often thought to play a role in vicariant speciation 

in the Cape, but it must also be considered that long-distance dispersal may potentially play an 

equally important role in establishment of geographically isolated populations (Ellis et al., 2014). 

 

In general the predictions made in this study do not hold for all of the clades in the SEA lineage. 

Half of the clades exhibited range contraction during the LGM which is in stark contradiction with 

modelling approaches by Tolley et al., (2014) which found that the fynbos biome declined in 

extent from 30-22 ka only to expand markedly during the LGM (22–12 kya). Only Clade 1 

exhibited a marked increase in range extent and increased levels of peak continuity during the 

LGM. Pleistocene climatic fluctuations are known to have occurred in glacial and interglacial 

cycles. It is possible that the LGM did not affect the distributional ranges of species as drastically 

due to possibility that the LGM was not as intense as other glacial events in the Pleistocene. No 

data that would enable direct comparison between glaciation events within the Pleistocene is 



available yet. Although our understanding of range expansion processes in high-elevation paper 

daisies will increase with improved quality of climatic data for the late quaternary as the low 

spatial resolution of the LGM environmental layers limit the level of detail available to analyse 

nuanced distributional phenomena to general broader-scale patterns, our study is strengthened 

by the well-sampled phylogeny and extensive record of reliable and accurate taxon presence 

points. A more in-depth investigation into the dispersal capabilities of these plants will add to our 

current understanding of their range expansion processes. Explicitly incorporating speciation 

rates of this lineage before and after the Pleistocene will add a relevant dimension to answering 

the question of whether Pleistocene cycling has powered speciation in the SEA  lineage.    
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Appendix A 
 
Sampling table 
 
Table A.1. Voucher information, collection localities and sampling regions of the specimens 
utilized to produce the phylogenetic hypothesis for the SEA clade and outgroups. In the case of 
unavailable voucher information GenBank accession numbers are supplied. Localities are given 
only for taxa used to generate new sequences as part of this study.  
 
Taxon Voucher information Collection locality Regio

ns 
sampl
ed 

Anaxeton arborescens 
(L.) Less. 

Martinez-Azorin 75 (NBG) -  ITS 

Anaxeton asperum ssp. 
pauciflorum Lundgren 
(Thunb.) DC. 

Helme 3021 (NBG) - ETS, 
ITS 

Anaxeton asperum 
subspecies asperum 

Wilman Hutchinson 4976 
(NBG) 

-  ITS 

Anaxeton brevipes 
Lundgren 

Oliver 11217 (NBG) - ETS, 
ITS 

Anaxeton ellipticum 
Lundgren 

Helme 7667 (NBG) - ETS, 
ITS 

Anaxeton hirsutum (Thunb.) 
Less. 

Helme 3049 (NBG) - ETS, 
ITS 

Anaxeton laeve (Harv.) 
Lundgren 

Fleming 1 (NBG) - ETS,  

Anaxeton laeve (Harv.) 
Lundgren 

Fleming 2 (NBG) - ETS,  

Anaxeton laeve (Harv.) 
Lundgren 

BCN 6108  -  ITS 

Anaxeton nycthemerum 
Less. 

Helme 5181 (NBG) - ETS, 
ITS 

Anaxeton nycthemerum 
Less. 

Helme 5401 (NBG) - ETS, 
ITS 

Anaxeton virgatum DC. Helme 7433 (NBG) -  ITS 
Anderbergia elsiae B.Nord. Helme 3133 (NBG) - ETS, 

ITS 
Anderbergia elsiae B.Nord. Helme 3634 (NBG) - ETS, 

ITS 
Anderbergia rooibergensis 
B.Nord. 

Vlok 2039 (E) - ETS,  



Anderbergia vlokii (Hilliard) 
B.Nord 

Vlok 2416 (E) - ETS,  

Antennarial inearifolia 
Wedd. 

Sagastegui-Alva 17364 - - ETS, 
ITS 

Athrixia elata Bergh 2203  - ETS, 
ITS 

Castroviejoa montelinasana 
(Schmid) Galbany 

Galbany 4644 (BCN) - ETS, 
ITS 

Craspedia  glauca 
 

- ETS, 
ITS 

Craspedia maxgrayi Flowers 436  - ETS, 
ITS 

Disparago anomala  Bergh 1258  - ETS, 
ITS 

Dolichothrix ericoides Romo 14515 - ETS, 
ITS 

Edmondia fasciculata 
(Andrews) Hilliard 

Munnik 1 (NBG) - ETS, 
ITS 

Edmondia pinifolia (Lam.) 
Hilliard 

Bergh 1715 (NBG) - ETS, 
ITS 

Edmondia sesamoides (L.) 
Hilliard 

Koekemoer 3718 (PRE) - ETS, 
ITS 

Edmondia sesamoides (L.) 
Hilliard 

Koekemoer 3736 (PRE) - ETS, 
ITS 

Ewartia catipes Genbank    - ETS, 
ITS 

FilagopyramidataL. FN645590 - ETS, 
ITS 

Galeommaoculus-cacti(L.f) Bergh 1703A (NBG) - ETS, 
ITS 

Gamochaeta subfalcata Galbany   - ETS, 
ITS 

Gnaphalium 
austroafricanum Hilliard 

FN645630, FN645830 - - ETS, 
ITS 

Gnaphalium pauciflorum D. Euston-Brown 3369;  -  ITS 
Gnaphalium uliginosum L. BCN 6121  - ETS, 

ITS 
Gnaphalium uliginosum L. Vitek & al. s.n. (BCN) - ETS, 

ITS 
Helichrysum capense 
Hilliard 

Helme 6678 (NBG) Langeberg, summit of 
Kampscheberg.  33°58'10.9' 
S; 21°15'29.0' E. 

ETS, 
ITS 

Helichrysum catipes (DC.) 
Harv. 

Pretorius 835 (NBG) Nieuwoudtville. 
Oorlogskloof Nature 

ETS, 
ITS 



Reserve. S17. 31°28'34''S, 
19°05'24''E. 

Helichrysum dasyanthum BCN 6107 Genbank both ETS 
and ITS 6107  

- ETS, 
ITS 

Helichrysum dasyanthum Koekemoer 3724  - ETS,  
Helichrysum dasyanthum SALA Andres-Sanchez s.n.  - ETS, 

ITS  
Helichrysum hebelepis Koekemoer 3327  - ETS, 

ITS 
Helichrysum lambertianum Romo 14556 (BCN 867767)  - ETS, 

ITS 
Helichrysum lanceolatum  Smith 27   - ETS, 

ITS 
Helichrysum marifolium 
DC. [2] 

Olivier 11216 (NBG) Riviersonderend Mtns. 
Pilaarkop WNW of peak. 

ETS, 
ITS 

Helichrysum micropoides Koekemoer 3511  - ETS,  
Helichrysum orientale BCN 6098  - ETS, 

ITS 
Helichrysum plebeium DC. Hugo 2726 (NBG) Ladismith Dist. 

Gysmanshoek Pass, near 
the top. Riversdale. 

ETS, 
ITS 

Helichrysum plebeium DC. Olivier Olivier 11624 (NBG) Bredasdorp Dist. Protem 
area; Goereesoe 432 NW of 
Beacon 14, WNW of 
Spitzkop. 

 ITS 

Helichrysum rotundatum 
Harv. 

Helme 4048 (NBG) Caledon. Riviersonderend 
Mountains, east of Greyton, 
southeast ledges of 
Perdekop. 34°02'33.5'S: 
19°40'36.2'E. 

ETS, 
ITS 

Helichrysum rotundatum 
Harv. 

Helme 5167 (NBG) Western Riviersonderend 
Mountains, Silver Stream 
26, east of old ruin.  
33°59'33.2' S; 19°23'31.9' E. 

ETS, 
ITS 

Helichrysum stoechas BCN 6114 (Genbank) 6114  - ETS, 
ITS 

Helichrysum stoloniferum 
(L.f) Willd. 

Bergh 2261  -  ITS 

Helichrysum stoloniferum 
(L.f) Willd. 

Bergh 2260 (NBG) - ETS, 
ITS 

Ifloga spicata J.Lambinon 17590; Genbank 
17590  

- ETS, 
ITS 

Langebergia canescens 
(DC.) Anderb. 

Helme 2821 (NBG) - ETS,  



Langebergia canescens 
(DC.) Anderb. 

Helme 6685 (NBG) - ETS, 
ITS 

Langebergia canescens 
(DC.) Anderb. 

Bayer & Puttock SAF 96250 
(CANB, F, MO) 

- ETS, 
ITS 

Leontopodium alpinum 
Cass. 

Roquet s.n. (BC); Genbank s.n. 
(BC) 

- ETS, 
ITS 

Leucochrysumstipitatum(F.
Muell.)Paul G.Wilson 

Bayer WA94133 (CANB, MEL, 
PERTH) 

- ETS, 
ITS 

Leysera gnaphalodes Koekemoer 1932 Genbank (Nie 
et al) 1932  

- ETS, 
ITS 

Loricaria thuyoides S11220;  - ETS, 
ITS 

Metalasia densa Bergh 1266; ETS published; ITS 
unpublished 1266  

- ETS, 
ITS 

Ozothamnus diosmifolius Genbank   - ETS, 
ITS 

Ozothamnuswhitei(N.T.Bur
b.) Anderb. 

Bayer & al. NSW 98072 / 
Telford 12337 (CANB) 

- ETS, 
ITS 

Parantennariauniceps(F.Mu
ell.)Beauverd 

Bayer & Greber NSW 98021 
(CANB) 

- ETS, 
ITS 

Petalactecoronata(L.) 
D.Don 

Helme 5131 (NBG) - ETS 
ITS 

Petalactecoronata(L.) 
D.Don 

Bayer & Puttock SAF 96124 
(NBG) 

- ETS, 
ITS 

Plecostachysserpyllifolia(Be
rg.) Hilliard & Burtt 

Koekemoer unpublished seq 
3730  

- ETS, 
ITS 

Plecostachysserpyllifolia(Be
rg.) Hilliard & Burtt 

 FM173142, AY445225 -  ITS 

Pseudognaphalium 
oligandrum 

Romo 14366; Genbank 14366  - ETS, 
ITS 

PterygopappuslawrenciiHo
ok.f. 

Ward 94094 (CANU) - ETS, 
ITS 

PycnosorusglobosusBauer 
ex Benth. 

Telford & Nightingale 11814 
(CANB) 

- ETS, 
ITS 

RaouliaeximiaHook.f. Smissen 365 (CHR) - ETS, 
ITS 

RaouliatenuicaulisHook.f. Smissen s.n. (CHR) - ETS, 
ITS 

Relhania calycina 
 

- ETS, 
ITS 

Relhania relhanioides Bergh 2067  - ETS 
ITS 

Stoebe aethiopica Karis&Swenson 919  - ETS, 
ITS 



Stoebe cinerea Bergh 1210; Genbank 1210  - ETS, 
ITS 

Stoebe vulgaris Gwynne-Evans 2146  -  ITS 
Stuartina muelleri Sond. Bayer & al. SA 97010 (CANB) - ETS, 

ITS 
Syncarpha affinis (B.Nord.) 
B.Nord. 

Haiden 20 (NBG) - ETS, 
ITS 

Syncarpha argentea Haiden 01  - ETS, 
ITS 

Syncarpha argyropsis 
(DC.)B.Nord 

Koekemoer 3725 (PRE) - ETS, 
ITS 

Syncarpha canescens Karis&Arnerup 993;  - ETS, 
ITS 

Syncarpha canescens 
(L.)B.Nord 

Haiden 15 (NBG) - ETS, 
ITS 

Syncarpha canescens 
(L.)B.Nord 

Haiden 21 (NBG) - ETS, 
ITS 

Syncarpha chlorochrysum Koekemoer 3424;  - ETS,  
Syncarpha chlorochrysum 
(DC.)B.Nord. 

Haiden 35 (NBG) - ETS, 
ITS 

Syncarpha dregeana 
(DC.)B.Nord 

Bergh 1807 (NBG) - ETS, 
ITS 

Syncarpha dykei 
(Bolus)B.Nord 

Jodamus s.n. (NBG) - ETS, 
ITS 

Syncarpha eximia 
(L.)B.Nord 

Haiden 29 (NBG) - ETS, 
ITS 

Syncarpha ferruginea 
(Lam.)B.Nord 

Bentley 12 (NBG) - ETS, 
ITS 

Syncarpha flava 
(Compton)B.Nord 

Haiden 23 (NBG) - ETS, 
ITS 

Syncarpha gnaphaloides 
(L.)DC. 

Koekemoer 3722 (PRE) - ETS, 
ITS 

Syncarpha lepidopodium 
(Bolus)B.Nord 

Helme 5198 (NBG) - ETS, 
ITS 

Syncarpha loganiana 
(Compton)B.Nord 

McDonald 2325 (NBG) - ETS, 
ITS 

Syncarpha marlothii 
(Schltr)B.Nord 

Hanekom 2962 (NBG) -  ITS 

Syncarpha marlothii 
(Schltr)B.Nord 

Helme 5341 (NBG) -  ITS 

Syncarpha milleflora 
(L.f.)B.Nord. 

Haiden 13 (NBG) - ETS, 
ITS 

Syncarpha montana 
(B.Nord.) B.Nord. 

Helme 4493; unpublished seqs 
4493 (NBG) 

-  ITS 



Syncarpha montana 
(B.Nord.) B.Nord. 

Helme 3743 (NBG) - ETS, 
ITS 

Syncarpha mucronata 
(P.J.Bergius) B.Nord. 

Haiden 27 (NBG) - ETS, 
ITS 

Syncarpha sordescens 
(DC.)B.Nord. 

Haiden 3 (NBG) - ETS, 
ITS 

Syncarpha speciosissima 
(L.)B.Nord. 

Botha 4038 (PRE) - ETS, 
ITS 

Syncarpha staehelina 
(L.)B.Nord. 

Haiden 18 (NBG) - ETS, 
ITS 

Syncarpha staehelina 
(L.)B.Nord. 

Koekemoer 3481 (PRE) - ETS, 
ITS 

Syncarpha striata (Thunb.) 
B.Nord. 

Haiden 8 (NBG) - ETS, 
ITS 

Syncarpha variegata 
(P.J.Bergius)B.Nord. 

Haiden 25 (NBG) - ETS, 
ITS 

Syncarpha vestita (L.) 
B.Nord. 

Haiden 32 (NBG) - ETS, 
ITS 

Syncarpha zeyheri 
(Sond.)B.Nord. 

Forsyth 109 (PRE) -  ITS 

Tenrhynea phylicifolia Koekemoer 3594 (PRE) - ETS, 
ITS 

Vellereophyton dealbatum 
(Thunb.) Hilliard & 
B.L.Burtt. 

Romo & al.  14549 (BC) - ETS, 
ITS 

Vellereophyton dealbatum 
(Thunb.) Hilliard & 
B.L.Burtt. 

Bergh 1815 (NBG) -  ITS 

Table A2: Model evaluation statistics (AUC values) for MaxEnt models as well as the number of 

species presences points included in the model of each respective clade 

 

Clade Test AUC (LGM) Test AUC (Present) Presence points (n) 

1 0.9 0.91 119 

2 0.91 0.93 95 

3 0.83 0.8 56 

4 0.83 0.84 164 



5 0.9 0.9 191 

6 0.85 0.84 104 

7 0.98 0.97 41 

8 0.98 0.95 23 

9 0.89 0.83 5 

10 0.9 0.89 47 

11 0.83 0.91 32 

12 0.97 0.97 80 

 

 

 


