<

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Patterns and processes underlying
genetic diversity in the Namaqua rock

mouse Micaelamys namaquensis Smith,
1834 (Rodentia: Muridae) from
southern Africa

Issie Magrieta Russo

Submiitted in partial fulfilment of the requirements for the degree Philosophiae
Doctor in the Faculty of Natural and Agricultural Sciences

Department of Genetics
University of Pretoria
Pretoria

Supervisor: Prof. P. Bloomer
Co-supervisor: Prof. C.T. Chimimba

November 2009

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

Declaration

I, the undersigned, hereby declare that this thesis, which I hereby submit for the degree
Philosophiae Doctor at the University of Pretoria, is my own work and has not previously

been submitted by me for a degree at this or any other tetiary institution.

SIGNATURE:
DATE:

il



UNIVERSITY OF PRETORIA

s
=

“ UNIVERSITEIT VAN PRETORIA
& YUNIBESITHI YA PRETORIA

Patterns and processes underlying genetic diversity in the Namaqua rock mouse

Micaelamys namaquensis Smith, 1834 (Rodentia: Muridae) from southern Africa
By

Issie Magrieta Russo*

Supervisors: Prof. P. Bloomer
Molecular Ecology and Evolution Programme (MEEP)
Department of Genetics
University of Pretoria
Pretoria
0002 South Africa

E-mail: paulette.bloomer@up.ac.za

Prof. C.T. Chimimba

DST-NRF Centre of Excellence for Invasion Biology (CIB) & Mammal

Research Institute (MRI)

Department of Zoology and Entomology
University of Pretoria

Pretoria

0002 South Africa

E-mail: ctchimimba@zoology.up.ac.za

* Present address:
Molecular Ecology and Evolution Programme (MEEP)
Department of Genetics
University of Pretoria
Pretoria
0002 South Africa

E-mail: irusso@postino.up.ac.za

iii



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

é’%
<
SUMMARY

African rock rats of the genera Aethomys Thomas, 1915 and Micaelamys Ellerman, 1941,
are endemic to East, Central and southern Africa but extend marginally into West Africa.
In the past 16 subspecies have been described in the Namaqua rock mouse M.
namaquensis Smith, 1834. Recent morphometric and morphological patterns of
intraspecific variation suggested the recognition of only four subspecies: M. n.
namaquensis, M. n. alborarius, M. n. monticularis and M. n. lehocla, of which the
distributions appeared to coincide with the major phytogeographical zones of southern
Africa. In the present study earlier analyses of mitochondrial DNA (mtDNA) cytochrome
b (cyt b) gene variation were extended. Taken together these results show that M.
namaquensis represents a polytypic species complex but with much more diversity than
detected using morphology. Phylogenetic and phylogeographic analyses revealed 14
genetically distinct lineages of which several show strong geographic association with
particular vegetation biomes or bioregions. The distributional ranges of eight of these
lineages showed some correspondence with the type localities of previously described
subspecies of M. namaquensis. Some clades displayed considerable within-lineage
variation indicating possible fine-scale population structuring, while others showed very
little differentiation. Divergence times between lineages varied between 7.26 MYA and
2.70 MYA, corresponding to a Late Miocene to Pliocene radiation. Cytochrome b
sequences alone do not fully resolve the evolutionary relationships among the lineages and
the phylogenetic analysis was thus supplemented with nuclear Recombination Activating
Gene 1 (RAGI) sequences. This gene was successfully sequenced for 11 of the identified
lineages. Independent analyses of the two genes were not congruent possibly as a result of
incomplete lineage sorting of the nuclear gene. The combined dataset yielded good support
for six of the lineages. Finally, a more detailed phylogeographic analysis was conducted
among ten localities of the Eastern Kalahari Bushveld lineage based on mitochondrial cyt
b sequences to elucidate processes underlying diversification in this species complex. A
genetic pattern of phylogenetic continuity with a lack of spatial separation was observed.
The mismatch distribution analysis suggests that the lineage has expanded its population
size and the geographical expansion may have followed environmental changes in the
recent past. Estimates of female gene flow indicate connectivity among localities but not to
the extent expected for a panmictic population. Instead a combination of a stepping-stone

model and metapopulation dynamics may be applicable to this lineage. Examination of

v



.

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

type material of described subspecies is needed to resolve the identity of the unique
lineages which will allow us to better understand the phylogeography and mode of
speciation in M. namaquensis. In addition, localities of sympatry (lineages in sympatry)
should also be studied in more detail in order to help resolve the current taxonomic
uncertainties within M. namaquensis. Future research should therefore include a

multidisciplinary approach, such as cytogenetics, morphology and more gene regions.
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Figure 3.1 Collecting localities of Micaelamys namaquensis in South Africa,
Swaziland, Botswana and Namibia, representing individuals with sequences for
both the mitochondrial DNA (mtDNA) cytochrome b (cyt b) gene and the nuclear
Recombination Activating Gene 1 (RAGI1) gene. Numbers correspond to the

locality numbers in Appendix 3.1. Also see Appendix 3.1 for locality names.

Figure 3.2 The number of transitions (A) and transversions (B) plotted against
cytochrome b Tamura-Nei + I" (1.97) + I (0.66) sequence divergence (%) estimates
between 35 individuals of Micaelamys namaquensis and one outgroup
(Rhabdomys pumilio) from southern Africa. (0) = First codon positions, (m) =

second codon positions and, (+) = third codon positions. — .............ceiiiiiiiinnn

Figure 3.3 The number of transitions (A) and transversions (B) plotted against
RAGI1 Tamura-Nei + I' (0.87) + I (0.83) sequence divergence (%) estimates
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(Rhabdomys pumilio) from southern Africa. (0) = First codon positions, (m) =
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Figure 3.4 A Bayesian Inference (BI) tree derived from mitochondrial DNA
(mtDNA) cytochrome b (cyt b) sequences of Micaelamys namaquensis from
southern Africa. Different lineages correspond to the lineages identified in Chapter
2 (see Fig. 2.4). The BI posterior probability values for internal branches are given
at each node with either an asterisk (*) or a circle (¢) where asterisks indicate BI
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Figure 3.5 A Bayesian Inference (BI) tree derived from Recombination Activation
Gene 1 (RAGI1) sequences of Micaelamys namaquensis from southern Africa.
Different lineages correspond to the lineages identified in Chapter 2 (Fig. 2.4). The
BI posterior probability values for internal branches are given at each node with
either an asterisk (*) or a circle (*) where asterisks indicate BI posterior probability
values > 0.95, while circles indicate BI posterior probability values > 0.90.

Rhabdomys pumillio was used as an OULrOUP.  ....evvviiiniieniieiieeieenieeee e,

Figure 3.6 A Bayesian Inference (BI) tree derived from mitochondrial DNA
(mtDNA) cytochrome b (cyt ») and Recombination Activation Gene 1 (RAG1)
sequences of Micaelamys namaquensis from southern Africa. Different lineages
correspond to the lineages identified in Chapter 2 (Fig. 2.4). The BI posterior
probability values for internal branches are given at each node with either an
asterisk (*) or a circle (*) where asterisks indicate BI posterior probability values >
0.95, while circles indicate BI posterior probability values > 0.90. Bootstrap
confidence limits (above 70% occurrence in 1 000 replicates) for internal branches
are given at each node and indicated by squares (m). Rhabdomys pumillio was used

AS AN OULZIOUP.  .enttent ettt ettt et ettt et et et et e et et et et et e et et e et eaeneens

Figure 3.7 Major biomes of southern Africa (Low and Rebelo, 1996). Background
colours for the major biomes are indicated in the legend; major lakes and saltpans
are also included. The yellow star indicates the type locality for Micaelamys
namaquensis and the blue stars indicate the type localities for its 16 previously
described subspecies. Lineages B, C, D, E, G and H (see Chapter 2 for identified
lineages) are indicated on the map (only well-supported associations between
lineages are indicated). The encircled areas indicate the two groupings: (1)
Lineage B, C and D and (2) Lineage E, G and H that were identified in the
combined Bayesian Inference (BI) phylogram (Fig. 3.6). ........cc.ciiiiiiiiinenn.

Figure 4.1 Collecting localities of samples of Micaelamys namaquensis from the
Eastern Kalahari Bushveld bioregion in South Africa. Collecting locality numbers

correspond to those in Appendix 4.1. ... i,

122

123

124

X1X



e
=

" UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
Que® VYUNIBESITHI YA PRETORIA

Figure 4.2 Clustering and migration between sampling localities of Micaelamys
namaquensis from the Eastern Kalahari Bushveld bioregion from southern Africa.
Locality numbers correspond to those in Fig. 4.1 and Appendix 4.1. Localities that
are encircled were grouped according to Barrier, version 2.2 (Manni et al., 2004).
Localities indicated in blue (Tosca; 1 and Stella; 3) were lumped as the first barrier
when two groupings were defined. Localities in pink (Vanzylsrus; 4 and Severn; 5)
were lumped when nine groupings were defined with the other localities as
individual groups. Arrows indicate historical female migration between localities;
solid arrows indicate more than two migrants per generation and dashed arrows
more than one migrant per generation. Blue, red and green arrows indicate

migration to Vryburg (7), Severn (5) and Vanzylsrus (4), respectively.

Figure 4.3 Frequency distributions of pairwise nucleotide differences between
individuals of Micaelamys namaquensis from the Eastern Kalahari Bushveld
bioregion in South Africa with (A) parameters estimated under a sudden expansion
model (Sum of squared deviation = 0.05; P = 0.07; Harpending’s raggedness index
= 0.15; P = 0.05) and (B) parameters estimated under a spatial expansion model
assuming constant deme size (Sum of squared deviation = 0.03; P = 0.38;

Harpending’s raggedness index = 0.15; P = 0.45).

Figure 4.4 Automated nested clade design for 82 individuals of Micaelamys
namaquensis from the Eastern Kalahari Bushveld bioregion in South Africa based
on 631 bp of the mitochondrial DNA (mtDNA) cytochrome b (cyt b) gene region.
The haplotype network was constructed with TCS, version 1.21 (Clement et al.,
2000) as defined by a 95 % confidence limit. A square denotes an ancestral allele
(NHO06) as suggested by TCS. The size of circles indicates the frequency of the
alleles (also see Table 4.1). Smaller circles that are not numbered indicate missing

(unsampled/extinct) alleles.  ....o.oiiiiiii e
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