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Results  

Of the 187 sequences included in this study, 52 ingroup sequences as well as two outgroup 

sequences were generated in a previous study (Grobler et al., 2006; Chapter 2). The Genbank 

accession numbers for these previously characterized specimens are AY762267-AY762320. 

An additional 135 sequences were generated in this study and are deposited in Genbank 

under accession numbers JF327506-JF327640. Of the 187 sequences used in this study, 131 

represent unique haplotypes. 

 

Nested clade analysis 

A single haplotype network (Fig. 5), based on the 95 % connection probability (≤ 13 

steps), was estimated by TCS 1.13 (Clement et al., 2000). From the nested design presented 

in Fig. 6, the total cladogram can be divided into two 6-step clades, three 5-step clades, and 

six 4-step clades at the higher clade level. The six 4-step clades separate from each other by 

more than five steps, representing missing intermediate haplotypes as indicated in Fig. 7. 

Nested clade 4-4 which consists of E. kucheli (Grobler et al., 2006) was considered basal to 

the other 4-step clades because time of coalescence of these individuals preceded that of the 

other clades (Grobler et al., 2006; Chapter 2), and therefore, all higher-step clades were 

designated with this in mind.  

The results of the nested cladistic analysis of geographical distance for the mtDNA 

data set from the PEIA are shown in Fig. 8. The contingency analyses (Templeton et al., 

1995) detected significant geographical associations with the total cladogram, a 6-step clade, 

two 5-step clades, only one 4-step clade, and a single 1-step clade (Table 1). Significant 

geographical structure was thus mainly indicated for the higher clade levels. With the 

exception of nested clade 1-96, no significance at the 1-, 2- and 3-step levels were found.  

One clade of each of the 4-, 3-, and 2-step clades also had a lower significant geographical 

association. Table 2 presents the chain of inferences followed when the inference key was 

applied to the statistical results given in Fig. 7 as well as the resulting inferences obtained. 
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Please find the figure on the disc in the envelope at the back     

 

 

 

 

 

Fig. 6 Nested design according to previously described nesting rules of Templeton et al., 1987 and Crandall, 1996. 
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Fig. 7 Haplotype network of 187 Ectemnorhinus sequences. Sequences are grouped into six groups separated from each other by the number 
of missing haplotypes (as indicated on the lines). Within each circle is the designated name for the group followed by the number of unique 
haplotypes / total number of sequences / specimens characterized for each group.  
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Table 1 Nested contingency analyses for geographical association showing the permutation chi-
squared probabilities for geographical structure of the clades identified in Fig. 8 from 100 000 
resamplings. Clades with a probability value less than 0.05 suggest significant geographical structure 
and are indicated with *. Clades with a probability value less than 0.1 are indicated with #.  
 

Clade Permutational chi-square statistic Probability 

1-9 11.25 0.6860 

1-12 1.3333 1.0000 

1-14 15.0000 1.0000 

1-15 2.0000 1.0000 

1-17 2.0000 1.0000 

1-18 34.0000 0.8300 

1-20 3.0000 1.0000 

1-34 2.0000 1.0000 

1-38 0.7500 1.0000 

1-43 10.0000 0.2010 

1-56 2.0000 1.0000 

1-60 1.3333 1.0000 

1-67 10.0000 1.0000 

1-71 75.4667 0.3210 

1-79 2.0000 1.0000 

1-80 5.9583 0.7680 

1-81 10.0000 0.2900 

1-82 2.0000 1.0000 

1-83 34.0000 1.0000 

1-85 2.0000 1.0000 

1-87 3.0000 0.3220 

1-89 21.3889 0.4830 

1-91 5.0000 0.8370 

1-92 2.0000 1.0000 

1-93 3.0000 0.3340 

1-96 62.2222 0.0410* 

1-200 2.0000 1.0000 

2-1 2.9167 0.6880 

2-3 15.0000 1.0000 

2-4 2.0000 1.0000 

2-5 3.0000 1.0000 

2-10 5.0000 0.4300 

2-13 3.0000 1.0000 

2-15 6.0000 0.3080 

2-18 12.0000 0.0730# 

2-19 4.0000 1.0000 

2-20 12.0000 0.3810 

2-22 17.0000 0.5780 

2-23 2.0000 1.0000 

2-27 10.0000 0.3380 

2-29 3.2500 0.6120 

2-31 18.0000 0.4910 
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Clade Permutational chi-square statistic Probability 

2-33 153.3333 0.2680 

2-34 30.6000 0.3640 

2-35 11.2000 0.5500 

2-36 4.9038 0.9120 

2-37 11.0714 0.9880 

3-2 1.2000 1.0000 

3-3 13.3333 0.6430 

3-4 19.2000 0.1400 

3-6 13.9240 0.7950 

3-7 35.1771 0.1100 

3-8 0.6857 1.0000 

3-9 29.8194 0.5160 

3-10 20.0076 0.0950# 

3-16 149.6400 0.4930 

4-1 16.5515 0.2450 

4-2 10.0000 0.1060 

4-3 24.1412 0.1500 

4-4 5.9649 0.8120 

4-5 88.0677 0.0000* 

4-6 3.9375 0.7870 

5-1 100.0663 0.0020* 

5-2 47.8767 0.0002* 

6-1 71.2705 0.0000* 

Total Cladogram 101.4970 0.0000* 

 
 
 
Table 2 Inference chain for the results of the Ectemnorhinus phylogeography as indicated by the 
nested clade analysis from the results given in Fig. 8 and Table 1. Only the clades that resulted in a 
rejection of the null hypothesis, i.e. that there are no significant relationships between genetic 
variation and respective geographical locations of haplotypes, are included.  Clades marked with # 
were not significant at the 0.05 % level but were significant at the 0.1 % level. 
 

Clade Chain of inference Inverence 

1-96 1-2-3-5-6-7 Insufficient genetic resolution to 

discriminate between range expansion / 

colonization and restricted dispersal / 

gene flow. Restricted gene flow / 

dispersal but with some long distance 

dispersal.  

2-18# 1- 2 – 11 - 12 Continuous range expansion 

3-10# 1- 2 – 11 – 17 -  Inconclusive outcome 

4-5 1-2-11-17- Inconclusive outcome 

5-1 1-2-11-12 Contiguous range expansion,  

5-2 1-2-11-17- Inconclusive outcome 

6-1 1-2-11-17-4- Restricted gene flow with isolation by 

distance 

 
 
 



64 

 

In order to gain further insight into the geographical structuring, clades were mapped onto the 

islands according to the sampling localities of the constituent haplotypes. Because of the very 

large dataset and the fact that the 4-step clades separate from each other by more than three 

missing haplotypes (Fig. 7) the nested clade diagram was partitioned into the six different 4-

step clades to ensure manageable mapping and result presentation. The different maps for the 

individuals falling in each 4-step clade are presented in Figs. 8-13 with each being divided 

into six parts.  
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(g) 

Fig. 9 Ectemnorhinus individuals that group into 4-step clade 4-1 mapped onto the islands according 
to a) sampling localities with place names for references, samples on Marion Island are indicated in 
green while those on Prince Edward Island are indicated in red b) sampling localities as used in the 
nested design c) those that share the same haplotypes nested into 0-step clades, the d) 1-step 
clades, e) 2-step clades f) 3 step clades and finally g) the complete 4-1 clade as depicted in Fig. 5. 
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