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Abstract.   During   the   last   two   decades,   genotyping   of  African   rodents   has   revealed   important   hidden   diversity  within  
morphologically   cryptic   genera,   such   as  Rhabdomys.   Although   the   distribution   of  Rhabdomys   is   known   historically,   its  
diversity  has  been  revealed  only  recently,  and  information  about  the  distribution  range  of  its  constituent  taxa  is  limited.  
The  present  study  contributes  to  clarifying  the  distribution  of  Rhabdomys  taxa,  primarily  in  southern  Africa,  and  identifies  
gaps  in  our  knowledge,  by:  1)  compiling  the  available  information  on  its  distribution;  and  2)  significantly  increasing  the  
number  of  geo-‐‑localised  and  genotyped  specimens  (n  =  2428)  as  well  as  the  localities  (additional  48  localities)  sampled.  We  
present   updated   distribution   maps,   including   the   occurrence   and   composition   of   several   contact   zones.   A   long-‐‑term  
monitoring  of   three  contact  zones   revealed   their   instability,  and  raises  questions  as   to   the   role  of  demography,  climate,  
and  interspecific  competition  on  species  range  limits.  Finally,  an  analysis  of  external  morphological  traits  suggests  that  tail  
length  may  be  a  reliable  taxonomic  trait  to  distinguish  between  mesic  and  arid  taxa  of  Rhabdomys.  Tail  length  variation  in  
Rhabdomys   and  other   rodents   has   been   considered   to   be   an   adaptation   to   climatic   (thermoregulation)   and/or   to   habitat  
(climbing  abilities)  constraints,  which  has  still  to  be  confirmed  in  Rhabdomys.    
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Introduction  
Rhabdomys,  the  African  four-‐‑striped  mouse,  occurs  in  environmentally  diverse  geographical  regions,  
from  southern  to  eastern  Africa.  The  genus  displays  marked  morphological  polymorphism  (Skinner  
&  Chimimba  2005),   leading   several   authors   to  distinguish  up   to   20   subspecies   in   southern  Africa  
based  on   traits   such  as   tail   length  and  pelage  colouration   (Roberts  1951,  Rambau  et  al.  2003).  The  
first   genetic   study   involving   Rhabdomys   populations   across   South   Africa,   based   on   allozymes  
(Mahida   et   al.   1999),   suggested   low   levels   of   gene   flow   between   distant   populations   and   some  
geographical   subgroupings.   However,   it   did   not   provide   substantial   evidence   to   distinguish  
different  lineages  or  to  assign  groups  to  different  sub-‐‑groups  (for  instance,  chromosomal  races  2n  =  
46   and   2n   =   48;   Taylor   2000).   Yet,   laboratory   crosses   between   individuals   from   geographically  
extreme   populations,   showed   remarkably   low   reproductive   success,   at   least   partly   due   to  
aggression  (Pillay  2000),  suggesting  the  occurrence  of  reproductive  barriers.    
*  Corresponding  Author  



      Distribution  and  diversification  of  Rhabdomys  sp.  

	  

2	  
	  

The   diversity   of   the   genus   was   first   demonstrated   in   2003   with   the   publication   of   the   first  
phylogeny   based   on   a   mitochondrial   marker   (sequences   of   complete   cytochrome   b   gene;   cytb)  
coupled  with  karyotyping  (Rambau  et  al.  2003).  Rambau  et  al.  (2003)  identified  two  major  clades,  R.  
pumilio   and   R.   dilectus,   which   were   later   confirmed   by   additional   studies   that   revealed   more  
complex  hidden  diversity  within  R.  dilectus   (Castiglia  et  al.  2011,  Sabuni  et  al.  2018,  Krásová  et  al.  
unpublished),   and  R.   pumilio   (du   Toit   et   al.   2012).   Based   on   a   Bayesian   relaxed  molecular   clock,  
radiation   of   Rhabdomys   (3.09-‐‑4.30   MYA)   is   thought   to   coincide   with   paleoclimatic   changes  
characterising   the   Miocene/Pliocene   boundary   (du   Toit   et   al.   2012).   The   oldest   known   fossil   of  
Rhabdomys  (around  5  MYA,  i.e.  prior  to  the  radiation  in  the  genus)  was  found  in  Langebaanweg  in  
the  Western  Cape  Province  of  South  Africa  (Denys  1999),  suggesting  a  southern  origin  (Castiglia  et  
al.   2011).   The   most   recent   fossil   of   the   genus   (around   3.3   MYA,   i.e.   concomitant   with   or   after  
radiation   in   the  genus)  was   found   in   the  Limpopo  Province   in   the  north-‐‑east  of  South  Africa   (see  
references  in  Monadjem  et  al.  2015)  providing  a  minimum  date  for  the  north-‐‑east  expansion  of  the  
genus  from  its  putative  south-‐‑western  origin.  
  
Currently,   based   on   the   available   genetic   studies,   Rhabdomys   is   subdivided   into   two  
“environmental”   groups,   a   semi-‐‑arid   group   comprising   four   taxa   with   distinct   distributions:   R.  
bechuanae,  R.  intermedius  and  R.  pumilio  coastal  A  (hereafter  R.  pumilio)  as  well  as  R.  pumilio  coastal  B  
(du  Toit  et  al.  2012),  and  a  mesic  group  comprising  of  R.  dilectus  chakae  and  R.  d.  dilectus  (Rambau  et  
al.  2003),  with  the  latter  showing  further  chromosomal  and  genetic  diversification  in  eastern  Africa  
(Castiglia   et   al.   2011,  Sabuni   et   al.   2018)   and  Angola   (Krásová  et   al.  unpublished).  The   two  mesic  
taxa  are   considered  as  distinct   species  by  some  authors   (Monadjem  et  al.   2015).  To  date,  all   these  
taxa   are   morphologically   cryptic   and   can   be   identified   based   on   mitochondrial   markers   (e.g.  
cytochrome   c   oxidase   I   gene;   COI),   although   we   acknowledge   that   species   delimitation   based  
exclusively  on  mitochondrial  markers  need  to  be  considered  with  caution.    
  
Long   considered   as   an   opportunistic   and   generalist   genus,   we   know   now   that   Rhabdomys   taxa,  
having  diversified  in  allopatry,  occupy  distinct  environmental  niches  (du  Toit  et  al.  2012,  Ganem  et  
al.   2012,   Meynard   et   al.   2012).   Moreover,   at   least   some   of   these   taxa   show   distinct   habitat   and  
microhabitat   preferences   (Mackay   2011,  Dufour   et   al.   2015)   and   display   distinct   social   behaviour  
(Schradin  &  Pillay  2005,  Dufour  et  al.  2019).    
  
To  understand  the  mechanisms  behind  the  ecological  radiation  of  Rhabdomys,  a  reliable  description  
of   its   distribution   is   required.   Hence,   the   aims   of   the   present   study   were   to:   1)   describe   the  
distribution  of  Rhabdomys   taxa  using  verified  data  of   the   subgroups   from   the   literature  as  well   as  
original  data,  and  identify  gaps  in  our  knowledge;  2)  locate  areas  of  overlap  between  taxa  (hereafter  
contact  zones);  3)  re-‐‑evaluate  some  morphological  features  (i.e.  tail  and  head-‐‑and-‐‑body  lengths)  that  
were  used  as  taxonomic  characters  to  distinguish  between  non-‐‑genotyped  Rhabdomys  taxa  (Roberts  
1951);   and   4)   provide   preliminary   evidence   of   its   genetic   diversity.   By   locating   contact   zones  
between  Rhabdomys   species,   we   aimed   to   identify   geographical   contexts  where   evolutionary   and  
ecological  processes  can  be  investigated  in  natural  conditions,  to  provide  a  basis  for  future  studies  
of   shifts   in   the   position   of   contact   zones   (Taylor   et   al.   2015),   and   to   gain   insight   into   how  
interspecies  interactions  and  physiological  requirements  of  species  impact  their  range  boundaries.  
    
Material  and  Methods  
Sampling  
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Striped  mice  were  sampled  between  2007  and  2019  at  localities  in  South  Africa  and  Namibia.  They  
were  captured  using  Sherman  and  PVC  type  live  traps,  baited  with  a  mixture  of  peanut-‐‑butter  and  
oats,  as  well  as  a  piece  of  cotton  wool  for  comfort  and  insulation.  The  trapping  location  coordinates  
of  mice  were   recorded  with   a   handheld  GPS   (Dakota   10,   Garmin   International,   Kansas,  USA,   or  
similar).   The   project   received   appropriate   ethical   clearances   (French:   C34-‐‑264;   CEEA-‐‑LR-‐‑12149;  
20160216092917#8915v2;   South   African:   AESC   2012/13/2A)   and   trapping   permits   (see  
acknowledgements).  
  
All  mice  were  sexed  and  their  reproductive  status,  body  and  tail   lengths  and  mass  recorded  upon  
capture.  A  small  piece  of  tail  (~1cm)  was  snipped  for  genotyping  and  was  preserved  in  90%  ethanol.  
In   total,   2428   individuals   from   48   localities   were   georeferenced   and   genotyped   (either   by  
sequencing  or  by  PCR-‐‑RFLP  typing,  see  below).  In  order  to  provide  the  most  complete  information  
on  the  distribution  of  the  different  taxa,  published  data  were  also  included  in  this  study,  as  well  as  
unpublished  data  kindly  obtained  from  colleagues  (see  acknowledgements)  that  provided  data  for  
an   additional   136   genotyped   individuals   from   87   georeferenced   localities.  Maps   throughout   this  
article  were  created  using  QGIS®  software  version  3.10.2.    
  
Three   of   the   localities   that   we   identified   as   contact   zones   were   sampled   on   several   occasions   to  
monitor  variation  in  the  relative  frequency  of  co-‐‑occurring  taxa.  The  complete  data  set  used  for  the  
distribution   is   available   at   doi:   10.15148/0d1b3414-‐‑7e2a-‐‑11ea-‐‑a38d-‐‑00163e26bfb0.   Finally,   we  
compiled  occurrence  data  of  non-‐‑genotyped  Rhabdomys  from  museum  collections  (as  in  Meynard  et  
al.  2012)  to  map  the  complete  range  of  the  genus.  The  sources  are  as  follows:  South  Africa:  Ditsong  
National  Museum  of  Natural  History,  Pretoria;  Iziko  South  African  Museum,  Cape  Town;  Durban  
Natural   Science   Museum;   McGregor   Museum,   Kimberley;   National   Museum,   Bloemfontein.  
Namibia:   National   Museum   of   Namibia,   Windhoek.   France:   Natural   History   Museum,   Paris.  
Belgium:  Africa  Museum.  USA:  National  Museum  of  Natural  History,  Washington.  
  
Morphological  measurements  
Data  reported  here  involves  exclusively  adult  animals.  Trapped  mice  were  weighed  (to  the  nearest  
0.5  g)  and  their  head-‐‑and-‐‑body  and  tail  length  measured  (to  the  nearest  millimetre)  from  the  tip  of  
the  snout  to  the  anus  for  the  former  and  from  the  start  of  the  tail  till  the  end  of  the  last  vertebrae  for  
the   latter.   Because   our   sample   of   R.   d.   chakae   was   small   (measures   for   one   population   of   nine  
individuals),   we   also   included   data   obtained   from   the   National   Museum,   Bloemfontein   (NMB).  
However,   the  museum   data  were   obtained   from   preserved   animals.   Further,   although   the   head-‐‑
and-‐‑body  length  was  measured  following  the  same  criterion  as  in  the  current  study,  the  tail  length  
was   measured   from   the   anus   till   the   end   of   the   last   vertebrae.   Hence,   compared   to   the   NMB  
measurements,  body  and  tails  measured  in  live  animals  (our  study)  would  have  been  shorter.  
  
Because  several  collectors  contributed  to   the  measurements  over   the  years   (both   in  our  study  and  
the  NMB),   and  because   the  museum-‐‑derived  data   comprised  of  dead  animals   (vs.   live  animals   in  
our  study)  as  well  as  a  different  tail  length  measurement  criteria,  we  decided  not  to  apply  statistical  
analyses  on  the  complete  data  set  but  instead  compiled  the  information  to  provide  an  indication  of  
morphological   variation   in   the   genus.   Nevertheless,   we   statistically   analysed   (Wilcoxon   sum   of  
ranks  test)  data  collected  by  a  single  person  (G.  Ganem)  in  November  2011  from  Sandveld  Nature  
Reserve   contact   zone   for   36   R.   d.   dilectus   and   59   R.   bechuanae   for   morphological   comparisons  
between  these  taxa.  We  also  applied  a  General  Linear  Model  (GLM)  on  the  complete  data  set  of  this  
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study  (excluding  NMB  data),  on  the  ratio  of  tail  to  body  size  (to  normalise  the  variable  distribution),  
considering  “data  collector”  as  a   random  factor,  and  mass  as  a  covariate  while   testing  differences  
between   taxa   (fixed   factor).   The   residuals   of   the   model   reasonably   approached   a   normal  
distribution.  All  statistics  were  performed  with  JMP  10  (SAS  Institute  Inc.,  Cary,  NC).  
  
DNA  analyses  
Tissue   samples   of   Rhabdomys   specimens   were   taken   from   2428   individuals   corresponding   to   R.  
bechuanae,  R.   dilectus   (subspecies  R.   d.   chakae   and  R.   d.   dilectus),  R.   intermedius,  R.   pumilio   and  R.  
pumilio   coastal   B.  DNA  extractions  were  performed  with  NucleoMag®  Tissue   kit   from  Macherey-‐‑
Nagel  with  a  KingFisher™  Flex  Purification  System.  A  fragment  of  COI  was  PCR-‐‑amplified  (Tm  =  
60°)   using   the   following   primers:   new   F   5′-‐‑ATTGTAACAGCCCACGCATT-‐‑3′   and   new   Rg   5′-‐‑
CCTAAGGCTCATAGTATGGCTGG-‐‑3′   (this   study).   Direct   sequencing   of   the   COI   fragment   was  
then   done   in   one   direction   through   the   technical   facilities   of   the   genotyping   and   sequencing  
platform   (https://genseq.umontpellier.fr/WordPress/)   of   the   Institute   of   Evolutionary   Sciences  
(ISEM,  Montpellier,  France).  Newly  produced  sequences   (1756   individuals)  were  aligned  by  hand  
using  MEGA  v7   (Kumar   et   al.   2016).   The   sequence  dataset  was   completed   by   all  Rhabdomys  COI  
haplotype   sequences   available   from   GenBank   (du   Toit   et   al.   2012,   2013).   Using   a   PCR-‐‑RFLP  
approach   (Restriction   Fragments   Lengths   Polymorphism   based   on   restriction   of   PCR   products),  
another   672   individuals   were   genotyped.   RFLP   is   based   on   difference   in   homologous   DNA  
sequences  that  can  be  detected  by  the  presence  of  fragments  of  different   lengths  after  digestion  of  
the   DNA   samples   in   question   with   specific   restriction   enzymes  
(https://www.ncbi.nlm.nih.gov/probe/docs/techrflp/).  
  
The  general  procedure  was  as  follows:  1  µμl  of  COI  PCR-‐‑product  was  digested  for  12  hours  at  37°C  
with  0.2  µμl  of  BgIII  and  0.1  µμl  of  Eco53KI  enzymes  (New  England  Biolabs),  followed  by  a  verification  
of   the  digestion  results  by  electrophoresis  on  a  2%  agarose  gel   (Table  1).  We  developed   the  RFLP  
method  because   it  was  particularly  cost-‐‑effective   for   long-‐‑term  population  studies   involving   large  
number  of  mice  (RFLP  genotyping:  0.15  €/sample,  sequencing:  5  €/sample).    
  
Phylogenetic  reconstruction  and  genotype  analyses  
Due  to  the  large  number  of  individuals  involved  in  the  present  study,  phylogenetic  analyses  were  
conducted   on   the   haplotype   sequences   obtained   with   DnaSP   v5.10.01   (Librado   &   Rozas   2009).  
Analyses   were   performed   on   the   Platform   “Montpellier   Bioinformatics   Biodiversity”   of   ISEM  
(http://mbb.univ-‐‑montp2.fr/MBB/index.php).   Tree   topologies   were   obtained   using   a   maximum  
likelihood  (ML)  approach  with  PhyML  v3.0  (Guindon  et  al.  2010)  and  Bayesian  inference  (BI)  with  
Mr  Bayes  v3.1.2  (Ronquist  &  Huelsenbeck  2003).  The  appropriate  model  of  nucleotide  substitution  
was  identified  with  MrModeltest  v2.3  (Nylander  2004).  ML  and  BI  reconstructions  were  conducted  
under  the  GTR  model  (Yang  1994)  with  a  proportion  of  invariable  sites  and  a  gamma  distribution.  
Node  robustness  in  ML  was  estimated  by  bootstrap  percentages  (BP)  after  1000  pseudo-‐‑replicates,  
whereas  it  was  estimated  in  BI  with  posterior  probabilities  (PP)  obtained  from  the  50%  majority  rule  
consensus  of  trees  sampled  every  100th  generation  once  five  Markov  chain  Monte  Carlo  samplings  
were   run   simultaneously   for   five  million   generations   and   after   removing   the   first   25000   trees   as  
burn-‐‑in.  
  
Population   structure   was   evaluated   with   a   median-‐‑joining   network   of   Rhabdomys   haplotypes  
constructed  with  PopART  (Leigh  &  Bryant  2015)  according  to  the  country  of  origin,  except  for  South  
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Africa   for  which   the  provincial   locations  were   considered   in   the   analyses.  We   also   compared   the  
network  of  haplotypes  of  co-‐‑occurring  taxa   in  three  contact  zone  localities   that  yielded  the   largest  
number   of   sequenced   individuals   (Soetdoring   Nature   Reserve,   Sandveld   Nature   Reserve,   and  
Tussen  die  Riviere  Game  Reserve,  all   in   the  Free  State  Province,  South  Africa)   through  minimum  
spanning  networks  also  with  PopART.  
  
Genetic  diversity  and  demographic  history  
Indices  of  genetic  diversity,   including   the  number  of  nucleotide   (n)  and  haplotypes   (nh)  per   (sub)  
species,   and   the   nucleotide   (π)   and   haplotype   (h)   diversities,   were   obtained   using   DnaSP.  
Demographic  history  (population  stability  or  expansion)  of  the  (sub)  species  was  also  investigated  
with  DnaSP  from  mismatch  distribution  and  three  neutrality  tests  (Fu'ʹs  Fs,  Tajima'ʹs  D  statistic  and  
R2  test;  Tajima  1989,  Fu  1997,  Ramos-‐‑Onsins  &  Rozas  2003).  In  the  case  of  mismatch,  demographic  
stability   is   illustrated   by   multimodal   distributions,   while   a   unimodal   pattern   is   consistent   with  
sudden   expansion   (Slatkin  &  Hudson   1991).   In   the   case   of   neutrality   tests,   significant   values   are  
expected   in  cases  of  population  expansion   (p  <  0.05).  A   taxon   follows   the  demographic  expansion  
model  when  results  from  at  least  two  tests  are  found  to  be  significant.  
  
Results  
Rhabdomys  distribution  
We  used  all  available  occurrence  data  of  Rhabdomys  to  generate  a  complete  distribution  map  of  the  
genus  (Fig.  1),  and  superimposed  the  identity  of  specimens  that  were  genotyped  with  the  available  
genetic  markers  (the  mitochondrial  cytb  or  COI  genes).  The  results  indicate  that  R.  intermedius  and  
R.  pumilio  coastal  B  are  endemic  to  South  Africa,  while  R.  d.  chakae  occurs  both  in  South  Africa  and  
Lesotho,  and  R.  bechuanae  and  R.  pumilio  both  occur  in  Namibia  and  South  Africa.  The  distribution  
of  R.   d.   dilectus   appears   to   be   fragmented   over   its   entire   range.   Specifically,   in   South   Africa   the  
distribution  of  R.  d.  dilectus   is  a  mosaic   interspersed  with  pockets  of  R.  d.   chakae  populations.  The  
South  African  R.  d.  dilectus  type  extends  into  Zimbabwe,  while  other  taxa  of  R.  d.  dilectus  are  found  
in  eastern  Africa  and  Angola  (Castiglia  et  al.  2011,  Sabuni  et  al.  2018,  Krásová  et  al.  unpublished).  
The   results   also   show   the   paucity   of   information   available   for   Rhabdomys   taxa   distribution   in  
Zimbabwe,   Eswatini,   Botswana   and   its   south-‐‑eastern   limit   with   South   Africa.   Finally,   we   also  
identified  gaps   in  our  knowledge  over   large  areas  of  Namibia,   the  central  plateau  of  South  Africa  
and  Eastern  Cape  and  northern  KwaZulu-‐‑Natal  provinces  (Fig.  1).  
  
Rhabdomys   bechuanae   appears   as   the   most   widespread   Rhabdomys   species   in   Namibia,   while   the  
distribution   of   R.   pumilio   ranges   from   the   western   coastal   areas   of   South   Africa   to   southern  
Namibia,  and  we  report  here  the  presence  of  a  large  population  of  R.  pumilio  on  the  Namibian  side  
of   the  Orange  River,   indicating   that   the   two   semi-‐‑arid   species,  R.   bechuanae   and  R.   pumilio,   could  
occur  (or  co-‐‑occur)  along  Namibia’s  coastal  region,  South  of  Swakopmund  (Fig.  1).    
  
Rhabdomys  contact  zones  
The  distribution  of  Rhabdomys   taxa   reveals   the  presence  of   several   contact   areas   involving   two   to  
three  taxa  (Fig.  2A),  mostly  in  areas  predicted  by  Meynard  et  al.  (2012)  in  the  Grassland  biome,  and  
near  its  limits  with  the  Nama  Karoo  and  the  Savannah  biomes  in  the  northern-‐‑central  parts  of  South  
Africa  (Fig.  2B).  The  presence  of  a  contact  zone  at  “Bedfort  gap”  (du  Toit  et  al.  2012)  in  the  Eastern  
Cape  Province  was  also  confirmed.  Unlike  previously  thought  (Pillay  et  al.  2016),  the  urban  areas  of  
the  Gauteng  Province   do   not   seem   to   limit   the   distribution   of   the   two   South  African  mesic   taxa,  
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resulting   in  several   localities  between  Pretoria  and  Johannesburg,   including  those  reported  earlier  
(le  Grange  et  al.  2015),  where  the  two  taxa  co-‐‑occur  (Fig.  2C),  although  R.  d.  chakae  appears  to  be  the  
most  common  taxon  in  the  province  (Fig.  2A).  
  
Altogether,  15  localities  where  more  than  one  taxon  of  Rhabdomys  co-‐‑occur  were  identified  (Table  2).  
Within   three   of   these   localities   (Sandveld  Nature   Reserve,   Tussen   die   Rivere   Game   Reserve   and  
Soetdoring  Nature  Reserve),  we  assessed  the  frequency  of  occurrence  of  different  Rhabdomys  taxa  by  
long-‐‑term  monitoring  of   these  populations.  Our  results   indicate  seasonal  and  annual  variations   in  
population   size   and   relative   frequency   of   co-‐‑occurring   taxa   (Fig.   3).   For   all   three   populations,   it  
appears   that   the   contact   zones   are   not   stable,   fluctuating   from  monospecific   to   multi-‐‑specific   in  
different  seasons  and/or  years.  Further,  total  annual  rainfall  may  influence  population  size  variation  
since  we  observed  an  increase  in  Rhabdomys  population  size  following  a  rainy  year  and  a  drop  after  
a  comparatively  dry  year  (Fig.  3).  Moreover,  although  both  arid  and  mesic  species  may  be  affected  
by  the  rainfall  pattern  experienced  by  the  three  populations,  a  comparison  between  annual  rain  and  
population   size   variation   suggests   that   the   arid   species   (R.   bechuanae)  might   cope   better   than   the  
mesic  ones  (R.  d.  dilectus  or  R.  d.  chakae)  after  a  dry  year  (Fig.  3,  populations  C  and  D).    
  
Rhabdomys  morphological  variations  
The  analysis  of  a  subsample  of  the  Sandveld  Nature  Reserve  population  in  November  2011  showed  
that  adult  mice  of  the  two  co-‐‑occurring  taxa  had  similar  masses  (respectively  for  R.  bechuanae  and  R.  
d.  dilectus:  mean  ±  SE,  35.1  ±  1.1  g  and  34.0  ±  1.0  g;  Wilcoxon  rank  test  with  normal  approximation:  Z  
=  –0.82,  p  =  0.47)  and  head-‐‑and-‐‑body  length  (respectively:  98.7  ±  1.3  mm  and  99.7  ±    1.4  mm;  Z  =  0.15,  
p  =  0.88)  but  different  tail  length  (R.  bechuanae:  93.0  ±  1.1  mm  and  R.  d.  dilectus:  80.1  ±  1.2  mm;  Z  =  –
6.3,  p   <  0.001).  For  both   taxa,   the   ratio  of   total  body   length   to   tail   length  was   significantly  greater  
than  one  (p  <  0.001)  although  it  was  significantly  (Z  =  5.44,  p  <  0.0001)  smaller  for  R.  bechuanae  (1.10  ±  
0.01  mm)  than  for  R.  d.  dilectus  (1.25  ±  0.02  mm).  
  
Using  the  data  set  compiled  in  our  study  (Table  3),  the  two  arid  species  (R.  pumilio  and  R.  bechuanae)  
had   longer   tails  compared  to   the   two  mesic  subspecies   (R.  d.   chakae  and  R.  d.  dilectus).  To  confirm  
this  observation,  we  performed  a  mixed  model  analysis  of  variance  on  the  ratio  of  head-‐‑and-‐‑body  to  
tail   length   (to   normalise   the   variable   distribution).   This   analysis   concerned   data   collected   only  
during   this   study   (n  =  948)  and   indicated,  after   controlling   for   the  effect  of  mass   (covariate   in   the  
mixed  model,  F  (1,  940)  =  59.5,  p  <  0.0001)  and  a  “data  collector”  effect  (random  factor  in  the  mixed  
model,  representing  76.5%  of  the  total  variance),   that  the  length  ratio  varied  significantly  between  
the  mesic  and  arid   taxa.  The  mesic   taxa  had  a  greater   ratio   (respectively   for  R.  d.   chakae   and  R.  d.  
dilectus:  1.14  ±  0.03;  1.20  ±  0.08),  than  the  arid  taxa  (respectively  for  R.  pumilio  and  R.  bechuanae:  0.96  ±  
0.01;  0.95  ±  0.004).  The  full  model  explained  59.5%  of  the  variance,  with  a  taxa  statistically  significant  
effect:  F  (3,  942)  =  240,  p  <  0.0001.  A  HSD  Tukey  post  hoc  test  indicated  the  absence  of  a  difference  
within  the  mesic  and  arid  taxa,  but  a  significant  difference  between  them.  
  
Rhabdomys  phylogeography  
Full   alignment   of   our   COI   fragments   was   550   nucleotides   long   with   173   phylogenetically  
informative  sites.  All  new  haplotype  sequences  were  deposited  in  the  GenBank  database  under  the  
accession  numbers  MT093516-‐‑MT093558.  ML  and  BI  analyses  provided  similar  tree  topologies  (Fig.  
4).  The  genus  Rhabdomys  was  monophyletic  with  high  support  values  (PP  =  1.00;  BP  =  94%)  as  well  
as  the  taxa  R.  pumilio  (PP  =  0.99;  BP  =  89%),  R.  bechuanae  (PP  =  1.00;  BP  =  99%)  and  R.  intermedius  (PP  
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=  1.00;  BP  =  93%).  The  R.  d.  dilectus  taxon  was  not  supported  (PP  <  0.80;  BP  <  50%),  which  could  be  
due  to   the   low  number  of  available  haplotypes.   Its  relationships  with  R.  d.   chakae   (PP  =  1.00;  BP  =  
93%)  or  the  other  Rhabdomys  taxa  was  not  supported.  The  two  R.  pumilio  lineages  were  moderately  
to  highly  supported  (PP  =  1.00;  BP  =  63  and  91%,  respectively).  Rhabdomys  bechuanae  emerged  as  the  
sister  species  of  R.  intermedius  (PP  =  0.94;  BP  =  91%).    
  
Based  on  107  haplotypes  (21  new  haplotypes,  25  shared  with  du  Toit  et  al.  (2012,  2013)  and  61  only  
from   du   Toit   et   al.   (2012,   2013))   the   population   structure   was   evaluated   with   a   median-‐‑joining  
network.   Because   of   complex   and   uninformative   reticulated   relationships   connecting   haplotypes,  
sub-‐‑networks   for   each   haplogroup   (species,   subspecies   or   lineage)   are   presented   in   Fig.   5.   Each  
haplogroup  was  characterized  by  a  heterogeneous  number  of  haplotypes:  33  for  R.  pumilio  and  four  
for  R.  pumilio  coastal  B;  36  for  R.  dilectus  (18  R.  d.  chakae  and  9  R.  d.  dilectus);  31  for  R.  bechuanae;  12  for  
R.  intermedius.  Some  haplogroups  were  dominated  by  private  haplotypes  (R.  intermedius,  R.  pumilio  
and  R.  pumilio  coastal  B).  These  haplogroups  concerned  mainly  haplotype  sequences  from  GenBank.  
Other   haplogroups   were   characterized   by   one   dominant   haplotype   (for   instance,   H10   for   R.  
bechuanae   or   H8   for   R.   d.   dilectus)   and   few   unique   haplotypes   but,   in   both   cases,   haplotype  
dominance  may  have  been  due  to  the  high  sampling  effort  in  some  localities  (Fig.  6).  H10  was  found  
in  seven  distinct  and  distant  populations,  all  located  at  the  eastern  limit  of  the  species  range  (Fig.  5,  
Table  S1),  while  H8  was  a  common  haplotype  of  R.  d.  dilectus,  found  in  all  sampled  populations,  but  
the  only  one  found  in  the  Free  State  Province  (two  contact  zone  localities:  Sandveld  and  Soetdoring;  
Fig.   6).  A  different  pattern  was  observed   for  R.  d.   chakae,  which  had  a   relatively  high  diversity  of  
haplotypes  and  a  star-‐‑like  network  (Fig.  5).    
  
Both  nucleotide  (0.3%  <  π  <  5.6%)  and  haplotype  (0.354  <  h  <  0.959)  diversities  were  heterogeneous  
for   all   (sub)   species   (Table   4).  Rhabdomys   dilectus   dilectus   had   the   lowest   genetic   diversity.   From  
mismatch  distribution   analyses   (Fig.   S1),   all   taxa,   except  R.   pumilio   coastal   B,   showed   a   unimodal  
distribution,  suggesting  sudden  expansion.  Neutrality  test  results  (at  least  two  significant  results  in  
Table  4)  confirm  mismatch  distribution  results.  

  
Discussion  
Distribution  and  contact  zones  
Rhabdomys   species   occupy  distinct   geographical   regions  of   southern   and   eastern  Africa.  Here,  we  
describe   the  distribution  of   its   constituent   taxa   in   southern  Africa.  Altogether,   15   localities  where  
several  taxa  co-‐‑occur  (i.e.  contact  zones)  were  identified  in  South  Africa  along  a  line  from  Gauteng  
and   the   North   West,   to   the   Free   State   and   the   Eastern   Cape   Provinces,   concurring   with   earlier  
predictions  (Meynard  et  al.  2012).  These  contact  areas  occurred  within  the  Grassland  biome  and  in  
areas  close  to  the  transitions  between  major  biomes  of  South  Africa  (Fig.  2A,  Schulze  1997,  Mucina  
&  Rutherford  2006).  
  
We   did   not   consider   the   taxonomic   diversity   within   R.   d.   dilectus   in   eastern   Africa   and   Angola  
(Castiglia  et  al.  2011,  Sabuni  et  al.  2018,  Krásová  et  al.  unpublished),  and  hence  all  R.  d.  dilectus  taxa  
were  regarded  as  one  taxonomic  group  in  our  study.  Further,  the  genotypes  based  on  COI  found  in  
the   literature   (and  used   to  build   the  phylogenetic   tree)   involved  only   individuals  of   the   southern  
African  clade.  Still,  we  identified  that  R.  d.  dilectus  occurring  in  South  Africa  (Castiglia  et  al.  2011)  
had  a  discontinuous  distribution,  which  also  seems  to  characterise  its  distribution  in  eastern  Africa  
(Sabuni  et  al.  2018).  We  also  documented  that  populations  of  R.  d.  chakae  were  interspersed  within  
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R.  d.  dilectus   in  South  Africa.  This  pattern  might  be  explained  under  two  scenarios:  1)  R.  d.  dilectus  
expanding  its  South  African  distribution  that  would  have  been  formerly  restricted  to  the  north-‐‑east  
of   the   country   (in   the  moist  vegetation   type  of   the  Savannah  biome)   into   the  Grassland  biome  of  
Gauteng,   the   North   West   and   Free   State   provinces;   and/or   2)   R.   d.   chakae   dispersed   into,   and  
established  in,  areas  formerly  occupied  by  R.  d.  dilectus  in  Gauteng  Province  and  further  west.  These  
two  scenarios  involve  expansion  of  the  two  taxa  but  at  different  times.  Two  arguments  may  favour  
the   second  scenario.   Indeed,   although   the  mismatch  analysis   indicates   that  both   taxa  experienced  
expansion,  R.   d.   chakae   has   a   continuous   distribution   in   the  Grassland   biome   of   Lesotho   and   the  
eastern  parts  of  South  Africa,   suggesting   that  many  source  populations  can  potentially  contribute  
dispersers  over   its  distribution  range,  which  may  not  be   the  case  of  R.  d.  dilectus  given   its   limited  
and  patchy  distribution.  Second,  haplotype  diversity  and  the  shape  of  the  median-‐‑joining  network  
based  on  the  COI  haplotypes   indicate  higher  diversity  within  R.  d.  chakae  and  a  star-‐‑like  network,  
which  contrasts  with  the  low  diversity  observed  for  R.  d.  dilectus,  suggesting  that  the  later  may  have  
experienced  a  bottleneck.  Low  mitochondrial  diversity  within  R.  d.  dilectus  was  also  observed  in  two  
of   the   contact   zones   that   we   monitored,   where   the   individuals   carried   a   single   haplotype   (H8),  
suggesting  either  recent  colonisation  of  marginal  habitats  (Dufour  et  al.  2015),  resulting  in  a  founder  
event,   or   a   bottleneck   following   a   recent   population   decline.   In   these   contact   zones,   where  R.   d.  
dilectus  co-‐‑occurs  with  R.  bechuanae,  competition  for  space  may  limit  R.  d.  dilectus  (Dufour  et  al.  2015,  
2019).  In  the  present  study,  we  reported  strong  seasonal  and  annual  fluctuations  in  population  size,  
particularly  R.  d.  dilectus  populations,  putatively  following  dry  years.  
    
We  showed  that  the  distribution  of  Rhabdomys  pumilio,  thought  to  be  limited  to  the  western  coastal  
areas  of   South  Africa   and  parts  of   the  Northern  Cape  Province   (du  Toit   et   al.   2012),   extends   into  
Namibia,  north  of  the  Orange  River  (which  did  not  constitute  a  barrier  to  Rhabdomys  dispersal).  R.  
pumilio  thrives  mostly  in  the  winter  rainfall  region  and  is  found  in  the  Desert  biome  of  Namibia  and  
South  Africa,  as  well  as  in  the  Succulent  Karoo  and  Fynbos.  Further  sampling  and  genotyping  along  
Namibia’s  coastal  and  central  area  as  well  as  in  the  Northern  Cape  Province  would  be  necessary  to  
assess   the   northern   distribution   limits   of  R.   pumilio   and   identify   potential   contact   zones   with  R.  
bechuanae.  Indeed,  R.  bechuanae  has  a  continuous  distribution  encompassing  large  parts  of  Namibia  
as   well   as   northern   and   central   (Free   State   Province)   South   Africa.   Genetic   information   on  
specimens  from  Botswana  are  lacking,  while  some  authors  indicate  the  presence  of  R.  bechuanae   in  
arid  habitats  of  southern  Angola  (Monadjem  et  al.  2015),  however,  the  latter  information  will  have  
to   be   confirmed   by   genotyping.   The   nucleotide   and   haplotype   diversities,   the   networks   and   the  
mismatched   distributions   of   both   R.   pumilio   and   R.   bechuanae   indicate   relatively   high   genetic  
diversity   and   patterns   consistent   with   a   recent   expansion.   For   R.   bechuanae,   the   number   of  
haplotypes  was  high  both  at  the  core  of  the  distribution  (Namibia  and  Northern  Cape  Province  of  
South  Africa)  and  at  the  limits  of  its  eastern  range  (Free  State  Province),  including  three  long-‐‑term  
monitored  contact  populations.  Rhabdomys  bechuanae  populations  thrive  in  summer  rainfall  regions  
(Schulze   1997)   in   the   Desert   and   Savannah   biomes   of   Namibia   as   well   as   the   Nama   Karoo,  
Savannah   and   Grassland   biomes   of   South   Africa.   All   contact   zones   involving   R.   bechuanae   are  
located   in  an  area  still   considered   to  be  part  of   the  Grassland  biome,  at   the  eastern  margin  of   the  
species   distribution,   still,   at   a   micro-‐‑environmental   scale,   resembles   a   savannah-‐‑type   habitat  
(Dufour  et  al.  2015).  
  
We  confirmed  that  the  range  of  R.  pumilio  coastal  B  is  geographically  restricted,  and  showed  that  its  
distribution  extends  from  Fort  Beaufort  (du  Toit  et  al.  2012)  and  Grahamstown  (Coetzer  &  Grobler  



      Distribution  and  diversification  of  Rhabdomys  sp.  

	  

9	  
	  

2018)   to   the   Birha  Coastal   region   in   the   Eastern  Cape  Province.   In   all   three   of   these   locations,  R.  
pumilio   coastal   B   co-‐‑occurs  with  R.   d.   chakae,   forming   the   southwestern   limit   of   the   range   of   R.   d.  
chakae.  Finally,  while  our  results  show  the  eastern  and  southern  limits  of  R.  intermedius  distribution  
(co-‐‑occurring,  though  in  low  numbers,  with  R.  pumilio,  R.  bechuanae  or  R.  d.  chakae  in  four  identified  
contact   zones,   and   endemic   to   South  Africa),   our  knowledge   is   limited  on   its  presence   above   the  
western  South  African  great  escarpment  and  the  northern  limits  of  its  distribution  in  South  Africa.    
  
A  taxonomically  informative  phenotypic  trait    
Yom-‐‑Tov   (1993)   investigated   body   size   variation   across   the   range   of   Rhabdomys,   which   was  
considered  at  that  time  to  be  a  single  species,  and  concluded  that  striped  mice  from  the  southwest  
Cape   Province   (Fynbos   biome)  were   larger   than   those   from  populations   of   the   eastern   savannah  
and   grassland   area   of   South   Africa,   the   latter   occurring   in   sympatry   with   Lemniscomys   sp.;   a  
superior   competitor.   Considering   the   Fynbos   populations   of   Rhabdomys   as   allopatric   and   the  
savannah   populations   as   sympatric   with   Lemniscomys,   the   size   differences   were   ascribed   to   the  
impact   of   competition   with   Lemniscomys   and   hence   to   character   release   in   areas   where   the  
competitor  did  not  occur  (Yom-‐‑Tov  1993).  However,  we  now  know  that  the  populations  that  were  
considered   by   Yom-‐‑Tov   (1993)   are   two   distinct   species:  R.   pumilio   and  R.   dilectus   (probably   both  
subspecies).   Coetzee,   in   1970,   analysed   the   diversity   of   body   and   tail   size  within   the   genus   and  
proposed   that   since  Rhabdomys   is   diurnal,   it   could   be   exposed   to   air   temperature   and   humidity  
variations,   and   tested   the   hypothesis   that   tail   length   relative   to   head–and-‐‑body   length,   used   by  
Roberts   (1951)   as   a   taxonomic   trait,  might   reflect   climatic   constraints   and   adaptation   to   different  
environmental   conditions.   He   found   a   correlation   between   body/tail   length   and   local   weather  
conditions   (Coetzee  1970).  Unfortunately,   these   results  are  also   spurious  given   that   they   involved  
different  Rhabdomys  taxa.  
  
Here,  we  provide  data   on  morphological   traits   of   genotyped   and  museum   specimens  originating  
from   populations   repeatedly   sampled   and   genotyped.   Unfortunately,   the   measurements   were  
performed  by  several  collectors  and  involved  both  live  (this  study)  and  preserved  animals  (museum  
samples),  precluding  detailed  reliable  statistical  comparison  of   the  geographical  variation  of   these  
traits.  Nevertheless,   statistical  analyses  of  co-‐‑occurring   free-‐‑living  populations  of  R.  bechuanae  and  
R.   d.   dilectus   in   the   Sandveld   contact   zone,   showed   that   the   tail   length   of   adults   is   a   potential  
informative   taxonomic   trait,   allowing   us   to   distinguish   between   these  mesic   and   arid   species   of  
Rhabdomys.  Further,  considering  the  entire  data  set  collected  in  our  study,  despite  variation  in  mass  
and   variance   due   to   potential   measurement   errors,   mesic   and   arid   Rhabdomys   taxa   had   a  
significantly   different   ratio   of   body/tail   size,   consistent  with   longer   tails   among   the   arid   taxa   (R.  
pumilio  and  R.  bechuanae)  and  shorter  tails  among  the  mesic  taxa  R.  d.  dilectus  and  R.  d.  chakae.  The  
latter  observation  is  consistent  with  the  geographical  pattern  proposed  earlier  (Coetzee  1970)  and  an  
unpublished  note  by  Lundholm  (reported  in  Coetzee  1970)  about  the  possibility  of  Rhabdomys  being  
split   into   two  morphological  groups:   a   long-‐‑tailed  group  comprising  of   the   two  arid   species   (this  
study)   and   possibly   R.   intermedius   (measurements   in   Monadjem   et   al.   2015),   and   a   short-‐‑tailed  
group   comprising   the   two  R.   dilectus   taxa.  Rhabdomys   bechuanae   is   represented   in   our   data   set   by  
nine  populations,   three  of  which  were  sampled  twice.  All   these  populations  had  consistently   long  
tails,  longer  than  90  mm  on  average.  Interestingly,  tail  length  was  consistently  longer  in  populations  
occurring  at   the  eastern   limits  of   the  species  distribution   than  those   that  were  close   to   the  contact  
zone  areas  (including  Sandveld  Nature  Reserve).  This  pattern  may  follow  a  gradient  of  decreased  
aridity,  a  proposition  which  needs  further  research.    
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Differences   in   tail   length   between   the   arid   species   compared   to   the   two  mesic  Rhabdomys   species  
may  be  related  to  adaptation  to  climatic  or  habitat  conditions  (Yom-‐‑Tov  1993),  or  to  multiple  factors  
as   proposed   for   other   rodent   species   (Baker   &   Cockrem   1970,   Thorington   1970).   In   a   review   of  
mammal  tail  function  (Hickman  1979),  the  tail  was  suggested  to  be  used  for  balance  and  climbing  in  
rodents,   based   on   direct   and   experimental   observations.   Tail   length   was   proposed   to   vary   with  
habitat   complexity   and   climbing   abilities   in   Peromyscus   species,   with   populations   occurring   in  
grassland  type  habitats  having  shorter  tails  than  populations  occurring  in  woodlands  and  showing  
arboreal   capabilities   (Thorington   1970,   Kaufman   &   Kaufman   1992).   More   detailed   research   is  
needed  before  considering  tail  length  as  an  adaptive  trait  in  Rhabdomys.  Nevertheless,  R.  bechuanae  
and  R.   pumilio   were   observed   climbing   shrubs,   feeding   on  male   protea   flowers   or   climbing   and  
biting  off  female  culms  of  Cannomois  congesta  plants  to  consume  seeds  and  inflorescences  (Melidonis  
&  Peter  2015,  Hobbhahn  et  al.  2017,  van  Blerk  et  al.  2017).  Further  studies  comparing  the  climbing  
abilities   of   arid   and  mesic  Rhabdomys   species,   and   assessing   the   correlation   between   tail   lengths,  
habitat   characteristics,   and   climbing   ability   within   species   are   required   to   test   the   climbing  
hypothesis.  

  
Concluding  remarks  
We  have  updated  the  distribution  of  Rhabdomys  species,  identifying  several  contact  zones  mostly  in  
or   close   to   areas   of   ecological   transition.  Our   long-‐‑term  data   suggest   the  variable   nature   of   these  
contact  zones  and  indicate  that  variation  in  rainfall  patterns  may  be  one  of  the  explanatory  factors  
for   this   dynamic   change.   Our   preliminary   genetic   data   on   R.   d.   dilectus,   indicating   low   genetic  
diversity,  together  with  evidence  for  its  discontinuous  distribution  in  South  Africa,  suggest  that  its  
conservation   status  may   need   revision.  We   also   re-‐‑evaluated   tail   length   as   a   potential   taxonomic  
trait   to   distinguish   Rhabdomys   taxa   with   preference   for   mesic   and   arid   environments.   Further  
studies,  based  on  unbiased  morphological  data,  may  help  clarify  the  differentiation  within  the  arid  
and   mesic   taxa   and   test   the   putative   adaptive   function   of   Rhabdomys   tail   length.   Finally,   the  
Rhabdomys   radiation   in   different   environments   and   the   occurrence   of   contact   zones   between   arid  
and  mesic  taxa  provide  a  unique  research  framework  to  test  the  impact  of  environmental  variation  
and  species   interactions  on  species  response  to  climate  change,  as  well  as   to  conduct  comparisons  
among   species   expected   to   be   affected   differently   by   increased   aridity.   Nonetheless,   species  
delimitation  based  on  mitochondrial  markers  needs  to  be  considered  with  caution,  and  a  thorough  
assessment   of   genomic   diversification   within   the   genus   is   needed   prior   to   assessing   the   role   of  
adaptation  in  Rhabdomys  radiation.  
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Supplementary  online  material  
Fig.  S1.  Demographic  history  of  Rhabdomys  taxa  inferred  from  cytochrome  c  oxidase  I  gene  sequences.  Observed  mismatch  distributions  
(grey  line)  are  compared  to  expected  distributions  (black  line)  under  a  population  growth-‐‑decline  model.  

  
Table  S1.  Detailed   list  of  haplotype  numbers,   specimens,   localities  and   references   for  Rhabdomys   species  used   in  our   study.  Accession  
numbers  for  original  and  GenBank  haplotype  sequences  are  also  listed.    

  
  
  
Fig.  1.  The  distribution  of   the  genus  Rhabdomys   in  southern  and  eastern  Africa  (yellow  dots)  based  on  all  available  data  from  museum  
collections,  published  data  and  unpublished  data  (origin  details  are  available  in  doi:  0d1b3414-‐‑7e2a-‐‑11ea-‐‑a38d-‐‑00163e26bfb0).  Details  on  
the  distribution  of  genetically  identified  specimens  (triangles:  published  data;  hexagons:  this  study;  *  R.  d.  dilectus  is  actually  a  complex  of  
taxa  see  text)  and  the  location  of  mixed  populations  (squares,  central  colours  indicating  dominant  species).  Numbers  on  the  map  refer  to  
populations  mentioned  in  Table  3.  The  black  star  indicates  location  of  oldest  fossils  (Langebaanweg,  5  MYA;  Denys  1999)  and  the  white  
star   indicates   location   of  most   recent   fossils   (Makapansgat,   3  MYA;  Monadjem   et   al.   2015).   Base  map:  World   Topographic  Map   Esri  
Standard.  

  
Fig.  2.  A)  The  distribution  of  genotyped  Rhabdomys  in  South  Africa  and  Lesotho,  with  details  on  biome  boundaries.  B)  Details  on  contact  
localities  involving  R.  bechuanae,  mainly  in  the  Free  State  Province.  C)  Details  of  contact  localities  between  R.  d.  dilectus  and  R.  d.  chakae,  
mainly  in  Gauteng  Province.  Mixed  populations  are  indicated  with  a  square  symbol  (central  colours  indicate  the  predominant  species).  
Base  map:  World  Topographic  Map  Esri   Standard.  Layers   sources  were  ESRI  STANDARD.  Biome   layer   –  Department  of  Agriculture,  
Fisheries  and  Forestry  of  South  Africa  (https://egis.environment.gov.za/).  
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Fig.  3.  Location  of  three  contact  zones  A.,  and  seasonal  and  annual  variation  of  occurrence  of  several  Rhabdomys  taxa  in  these  localities  all  
occurring  in  the  Free  State  Province  of  South  Africa  (B.  Sandveld  Nature  Reserve;  C.  Soetdoring  Nature  Reserve;  D.  Tussen  die  Riviere  
Game  Reserve)  with  total  annual  rain  (mm)  and  temperature  (average  minimum  and  maximum  temperature  (°C))  data  obtained  from  the  
South  African  Weather  Service  (B.  Bloemhof  Station;  C.  Glen  College  Station;  D.  Gariep  Station).    

  
Fig.  4.  Bayesian   tree  reconstructed   from  cytochrome  c  oxidase   I  haplotype  sequences  of  Rhabdomys   species.  Haplotypes  are  detailed   in  
Table  S1.  Haplotypes   in  grey  are  GenBank  haplotypes.  Numbers   at  node  are   for  Bayesian  posterior   (≥   0.80)   and  maximum   likelihood  
bootstrap  (≥  50%)  probabilities.  Species,  subspecies  and  lineages  are  indicated  on  the  right.  

  
Fig.  5.  Median-‐‑joining  network  based  on  cytochrome  c  oxidase  I  haplotypes  of  Rhabdomys  species.  The  central  network  is  for  the  whole  
dataset,  while  A,  B,  C,  D,  E  and  F  networks  are  haplogroup  networks.  Haplotypes  are  indicated  with  numbers  as  in  Table  S1.  Numbers  in  
brackets  after  haplogroup  names  are  haplotype  numbers  for  each  haplogroup,  while  those  between  haplogroup  circles  are  numbers  of  
mutational  changes.  

  
Fig.  6.  Minimum-‐‑spanning  networks  based  on  cytochrome  c   oxidase   I  haplotypes  of  Rhabdomys   species   for   the   following   localities:  A)  
Sandveld  Nature  Reserve;  B)  Soetdoring  Nature  Reserve;  C)  Tussen  die  Riviere  Game  Reserve.  

  
  
Table  1.  Results  obtained  with  the  PCR-‐‑RFLP  approach  involving  two  enzymes  with  different  restriction  sites  on  the  mitochondrial  COI.  
When   the   original   860bp   PCR   fragment   is   cut,   the   length   of   the   resulting   fragments   is   given   separated  with   a   semi-‐‑colon.  When   the  
original   fragment   is   not   cut,   the   cell   in   the   table   is   indicated  with   a   dash.   Rate   of   successful   assignment   as   tested   on   a   total   of   2199  
sequences  is  given  as  a  percentage  between  brackets  (e.g.  in  97%  of  mice  assigned  to  R.  d.  chakae  based  on  their  COI  sequence,  each  of  the  
two  enzymes  produced  two  PCR  fragments,  while  for  3%  of  these  mice  the  RFLP  phenotype  was  wrong  for  one  or  the  other  enzyme).  

  

Enzyme  
Restriction  

sites  

R.  pumilio  
(coastal  A)  
(98.7%)  

R.  pumilio  
(coastal  B)  
(100%)  

R.  d.  chakae  
(97%)  

R.  d.  dilectus  
(100%)  

R.  bechuanae  
(98.9%)  

R.  intermedius  
(100%)  

BglII   AGATCT   599,  261   -‐‑   599,  261   -‐‑   -‐‑   -‐‑  
Eco53kI   GAGCTC   763,  97   763,  97   763,  97   -‐‑   763,  97   600,  163,  97  
	  
	  



      Distribution  and  diversification  of  Rhabdomys  sp.  

	  

14	  
	  

	  
Table 2. A list of South African localities where at least two Rhabdomys taxa co-occur with details of the taxon identity and the number of 
mice genotyped.  

  

Locality   Province  
R.  

bechuanae  
R.  d.  
dilectus  

R.  d.  
chakae  

R.  
intermedius  

R.  
pumilio  
coastal  A  

R.  pumilio  
coastal  B  

Sample  
size  

Source  

Rustfontein  Dam    
Nature  Reserve  

Free  
State  

5   0   1   0   0   0   6   This  study  

Tussen  Die  
Riviere    
Game  Reserve  

Free  
State  

775   0   72   8   0   0   855   This  study  

Soetdoring    
Nature  Reserve  

Free  
State  

199   112   16   0   0   0   327   This  study  

Sandveld    
Nature  Reserve  

Free  
State  

170   78   0   0   0   0   248   This  study  

Hanover  
Northern  
Cape  

1   0   0   6   0   0   7  
Coetzer  &  

Grobler  2018  
Barberspan    
Nature  Reserve  

North  
West  

0   7   9   0   0   0   16   This  study  

Carletonville   Gauteng   0   1   2   0   0   0   3   This  study  
Irene   Gauteng   0   3   1   0   0   0   4   This  study  
U  Pretoria    
experimental  
farm  

Gauteng   0   3   1   0   0   0   4  
le  Grange  et  
al.  2015  

U  Pretoria    
Hammanskraal  
campus  

Gauteng   0   17   2   0   0   0   19  
le  Grange  et  
al.  2015  

Bronkhorstspruit   Gauteng   0   2   5   0   0   0   7   This  study  

Fort  Beaufort  
Eastern  
Cape  

0   0   1   1   1   0   3  
du  Toit  et  al.  

2012  

Grahamstown  
Eastern  
Cape  

0   0   1   5   0   0   6  
Coetzer  &  

Grobler  2018  
Birha  Coastal  
Region  

Eastern  
Cape  

0   0   1   0   0   8   9   This  study  

Mossel  Bay  
Western  
Cape  

0   0   0   1   16   0   17   This  study  
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Table  3.  Morphological  variation  in  four  Rhabdomys   taxa.  The  measurements  were  taken  by  different  collectors  and  are  not  directly  
comparable  (see  methods).  Numbers  in  brackets  refer  to  localities  shown  in  Fig.  1.  

  
Taxon   Body  mass   H  +  B   Tail   Locality   Biome   Source  
R.  pumilio    
(coastal  A)  

41.8  ±  1.0  n  =  45   102.2  ±  1.4   106.0  ±  1.1   Oranjmouth  (1)  
Succulent  Karoo   This  study  

44.7  ±  5.2  n  =  3   102.7  ±  9.0   108.0  ±  4.0   Brandkaros  (2)  

R.  
bechuanae  

40.3  ±  2.9  n  =  9   94.0  ±  1.9   107.1  ±  1.4   Mariental  (3)  
Nama  Karoo  

This  study  

40.0  ±  2.2  n  =  18   102.8  ±  5.9   121  ±  2.1   Lake  Naute  (4)  
37.2  ±  1.0  n  =  53   94.5  ±  1.0   117.1  ±  0.9   Klein  Pella  (5)  
35.7  ±  1.4  n  =  17   98.0  ±  2.5   103.9  ±  1.8   Molopo  NR  (6)  

Savannah  36.0  ±  1.3  n  =  10   95.0  ±  1.2   103.5  ±  2.2   Tswalu  KR1  (7)  
35.1  ±  1.1  n  =  24   94.3  ±  1.3   109.4  ±  1.1   Tswalu  KR2  (7)  
35.0  ±  1.2  n  =  30   96.6  ±  1.5   93.6  ±  1.7   Sandveld  NR1  (8)  

Savannah/  
Grassland  

31.1  ±  2.0  n  =  16   91.2  ±  1.6   91.0  ±  1.6   Sandveld  NR2  (8)  
40.5  ±  1.3  n  =  51   99.0  ±  1.0   101.2  ±  1.8   Soetdoring  NR  (9)  
33.3  ±  1.8  n  =  18   90.2  ±  2.0   93.2  ±  1.6   Benfontein  NR1  (10)  

Nama  Karoo  
41.0  ±  1.2  n  =  13   99.6  ±  1.9   94.3  ±  2.2   Benfontein  NR2  (10)  

38.3  ±  0.5  n  =  167   93.6  ±  0.7   101.0  ±  0.5  
Tussen  die  Riviere  
GR  (11)  

R.  d.  chakae  

40.4  ±  1.9  n  =  30   99.8  ±  2.6   83.2  ±  1.6   Koppies  DNR  (12)  

Grassland  
NMB  

collection  
34.2  ±  0.5  n  =  295   99.4  ±  0.7   83.2  ±  0.4  

Willem  Pretorius  GR  
(13)  

34.4  ±  0.8  n  =  75   104.5  ±  1.4   79.8  ±  1.2   Caledone  NR  (14)  

39.0  ±  2.0  n  =  9   93.9  ±  1.9   82.3  ±  1.4  
Tussen  die  Riviere    
GR(11)  

Nama  Karoo   This  study  

39.3  ±  0.6  n  =  244   101.5  ±  0.6   85.2  ±  0.6   Lesotho  (15)   Grassland  
NMB  

collection  

R.  d.  
dilectus  

40.1  ±  1.9  n  =  14   100.7  ±  2.5   81.2  ±  1.2   Soetdoring  NR  (9)   Savannah/  
Grassland  

This  study  

34.0  ±  1.3  n  =  29   98.0  ±  1.8   80.4  ±  1.2   Sandveld  NR1  (8)  

36.0  ±  2.1  n  =  8   95.0  ±  2.3   75.7  ±  1.9   Bloemhof  NR1  (16)  

Grassland  33.5  ±  0.9  n  =  48   90.4  ±  1.0   79.3  ±  0.8   Bloemhof  NR2  (16)  

40.7  ±  1.2  n  =  58   93.3  ±  0.8   75.9  ±  0.8   Wolwespruit  NR(17)  

46.4  ±  1.5  n  =  32   96.7  ±  1.4   83.5  ±  0.8   Lajuma  NR  (18)   Savannah  

  

Table  4.  Genetic  diversity  and  demographic  indices  for  Rhabdomys  taxa.  

  

  
Diversity  Indices   Neutrality  Test  

na   nhb   πc   h  (sd)d   Fse   Df   R2g   Model  
R.  bechuanae   1138   31   0.003   0.657  (0.000)   –24.80***h   –2.24***   0.01***   expansion  
R.  dilectus  chakae   124   19   0.004   0.698  (0.002)   –13.21***   –2.45***   0.05   expansion  
R.  dilectus  dilectus   398   9   0.003   0.354  (0.001)   –3.15   –2.55***   0.01**   expansion  
R.  intermedius   19   12   0.004   0.959  (0.001)   –11.41***   –1.78*   0.05***   expansion  
R.  pumilio   64   33   0.008   0.928  (0.000)   –18.38***   –2.14**   0.06   expansion  
R.  pumilio  coastal  B   13   4   0.056   0.795  (0.012)   6.96   2.40   0.25   stable  
a   Number   of   sequences;   b   Number   of   haplotypes;   c   Nucleotide   diversity;   d   Haplotype   diversity   (sd   =   standard   deviation);   e   Fu’s   Fs;   f  
Tajima’s  D;  g  Ramos-‐‑Onsins  and  Rozas’s  R2;  h  Test  probability:  ***  <  0.001,  **  <  0.01,  *  <  0.05.  

	  
  
  
  
     



      Distribution  and  diversification  of  Rhabdomys  sp.  

	  

16	  
	  

Fig.  1.  
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Fig.  2.  
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Fig.  3.  
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Fig.  4.  
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Fig.  5.  
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Fig.  6.  
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Table S1. Detailed list of haplotype numbers, specimens, localities and references for Rhabdomys species used in our study. Accession numbers for original and GenBank haplotype sequences are also listed.

Species Haplotype Voucher or Nulmber of individuals Locality Region Country Accession number Reference
I490, I492, I493 Gariep Dam Nature Reserve Free State South Africa

I516 Tussen die Riviere Nature Reserve Free State South Africa

I531, I533, I534, I535, I1233, I1234, I1236, I1805, I1825, I1826, I1827, I1933, I1934, I1943, I1992, I2133, 
I2156, I2159, I2284, I3943, I3945, I3949, I3951, I3952, I3953, I3957, I3958, I3960, I3965, I3967, I3968, 
I3969, I3970, I3971, I3972, I3973, I3974, I4521, I4525, I4526, I4527, I4528, I4532, I4533, I4534, I4536, 
I4537, I4539, I4540, I4547, I4549, I4553, I4565, I4573, I4630, I4633, I4634, I4642, I4647, I4648, I4659, 
I4665, I4666, I4673, I4683, I4702, I4770, I5487, I5488, I5491, I5492, I5498, I5501, I5503, I5505, I5506, 
I5507, I5511, I5513, I5801, I5802, I5803, I5804, I5805, I5806, I5807, I5808, I5809, I5811, I5816, I5818, 

I5821

Soetdoring Nature Reserve Free State South Africa

4 individuals Gariep Dam Nature Reserve Free State South Africa
10 individuals Dronfield Northern Cape South Africa

1 individual Dronfield Northern Cape South Africa JQ003464 du Toit et al. (2012)

I461, I591, I592, I593, I595, I596, I597, I598, I602, I603, I604, I1243, I1291, I1296, I1297, I1298, I1301, 
I1303, I1304, I1305, I1306, I1307, I1308, I1309, I1310, I1311, I1312, I1313, I1315, I1316, I1323, I1324, 
I1327, I1328, I1329, I1330, I1334, I1335, I1339, I1340, I1343, I1345, I1347, I1353, I1357, I1358, I1359, 
I1360, I1361, I1363, I1364, I1365, I1366, I1367, I1369, I1370, I1372, I1374, I1375, I1377, I1381, I1382, 
I1384, I1389, I1390, I1391, I1393, I1395, I1399, I1400, I1401, I1402, I1404, I1405, I1408, I1411, I1414, 
I1419, I1420, I1421, I1422, I1424, I1427, I1428, I1432, I1433, I1434, I1435, I1439, I1444, I1448, I1865, 
I1866, I1868, I1869, I1871, I1873, I1882, I1884, I1885, I1886, I1890, I1891, I1892, I1893, I1899, I1900, 
I1903, I1906, I1907, I1908, I1909, I1912, I1914, I1915, I1916, I1920, I1928, I1931, I1948, I1951, I1953, 
I1954, I1956, I1957, I1959, I1960, I1964, I1965, I1966, I1967, I1968, I1970, I1971, I1974, I1975, I1981, 
I1984, I2006, I2008, I2013, I2014, I2016, I2018, I2019, I2299, I2300, I2305, I2307, I2309, I2313, I2315, 

I2316, I2317, I2318, I2322, I2323, I2347, I2352, I2353, I2435

Sandveld Nature Reserve Free State South Africa

I1806, I1840, I1856, I1857, I1944, I2110, I2113, I2151, I2153, I2155, I2165, I3946, I3947, I3948, I3955, 
I3961, I3964, I3966, I3975, I4529, I4531, I4544, I4545, I4548, I4552, I4571, I4627, I4629, I4638, I4646, 
I4650, I4663, I4667, I4672, I4679, I4701, I4703, I5489, I5490, I5494, I5495, I5496, I5497, I5499, I5500, 

I5502, I5504, I5508, I5509, I5510, I5512, I5813, I5817, I5819, I5820

Soetdoring Nature Reserve Free State South Africa

I2173, I2175, I2180, I2182, I2186, I2187, I2188, I2191, I2192, I2193, I2194, I2196, I2198, I2200, I2202, 
I2203, I2206, I2208, I2209, I2210, I2213, I2215, I2221, I2222, I2223, I2225, I2226, I2227, I2228, I2231, 
I2232, I2235, I2236, I2241, I2243, I2245, I2246, I2256, I2257, I2259, I2264, I2267, I2268, I2269, I2275, 
I2276, I2277, I2280, I2445, I2446, I2447, I2448, I2449, I2450, I2451, I2456, I514, I519, I520, I522, I523, 
I524, I2457, I2458, I2461, I2462, I2463, I2467, I2469, I2472, I2474, I2475, I2476, I2477, I2480, I2481, 

I2482, I2483, I2484, I2486, I2488, I2490, I2495, I2496, I2497, I2498, I2500, I2501, I2502, I2503, I2506, 
I2507, I2508, I2659, I2660, I2661, I2662, I2663, I2664, I2665, I2666, I2667, I2668, I2669, I2670, I2671, 
I2675, I2676, I2678, I2680, I2682, I2683, I2684, I2685, I2686, I2687, I2688, I2689, I2690, I2691, I3769, 
I3770, I4523, I4524, I4541, I4546, I4556, I4557, I4558, I4559, I4562, I4564, I4567, I4568, I4569, I4576, 
I4578, I4579, I4580, I4583, I4587, I4589, I4592, I4595, I4598, I4599, I4606, I4607, I4610, I4611, I4612, 
I4614, I4616, I4619, I4621, I4623, I4624, I4628, I4631, I4632, I4635, I4636, I4639, I4641, I4643, I4644, 
I4645, I4651, I4652, I4653, I4656, I4658, I4662, I4664, I4668, I4670, I4671, I4675, I4676, I4678, I4680, 
I4681, I4684, I4686, I4689, I4690, I4691, I4692, I4693, I4694, I4695, I4697, I4699, I4708, I4709, I4710, 
I4711, I4712, I4714, I4715, I4716, I4717, I4718, I4720, I4721, I4722, I4723, I4724, I4725, I4731, I4732, 
I4733, I4734, I4736, I4737, I4738, I4739, I4740, I4741, I4742, I4743, I4744, I4746, I4747, I4748, I4750, 
I4754, I4755, I4760, I4761, I4764, I4768, I4769, I4771, I4772, I4774, I4775, I4776, I4777, I4779, I4780, 
I4782, I4784, I4785, I4786, I4788, I4791, I4792, I4795, I4797, I4798, I4799, I4800, I4803, I4804, I4806, 
I4807, I4813, I4814, I4817, I4820, I4821, I4822, I4823, I4824, I4825, I4826, I4827, I4828, I4830, I4835, 
I4836, I4837, I4838, I4839, I4841, I4842, I4843, I4844, I4845, I4850, I4851, I4852, I4853, I4854, I4855, 
I4859, I486, I4860, I4861, I4862, I4863, I4865, I4867, I4868, I4870, I4871, I4872, I4876, I4877, I4878, 
I488, I4883, I5409, I541, I5410, I5414, I5416, I5417, I5418, I5419, I5420, I5421, I5422, I5423, I5425, 

I5427, I5430, I5432, I5433, I5434, I5435, I5436, I5437, I5438, I5439, I5440, I5442, I5443, I5445, I5446, 
I5447, I5448, I5449, I5450, I5452, I5455, I5458, I5459, I5463, I5464, I5465, I5467, I5468, I5469, I5470, 
I5471, I5473, I5475, I5477, I5480, I5481, I5482, I5483, I5484, I5485, I5486, I5822, I5823, I5824, I5829, 
I5830, I5836, I5839, I5842, I5855, I5856, I5866, I5867, I5868, I5869, I5888, I5889, I5890, I5891, I5895, 

I5898, I5899, I5902, I5904, I5905, I5908, I5911, I5912, I5914, I5915, I5916, I5917, I5918, I5922

Tussen die Riviere Nature Reserve Free State South Africa

I3942 Rustfontein Dam Nature Reserve Free State South Africa
I491, I494, I495, I496, I497, I498, I5920 Gariep Dam Nature Reserve Free State South Africa

I528, I536, I537 Benfontein Nature Reserve Northern Cape South Africa
6 individuals Tussen die Riviere Nature Reserve Free State South Africa
2 individuals Sandveld Nature Reserve Free State South Africa
7 individuals Dronfield Northern Cape 

I1289, I1325, I1342, I1383, I1398, I1409, I1436, I1867, I1876, I1878, I1879, I1880, I1881, I1883, I1888, 
I1897, I1898, I1902, I1911, I1917, I1921, I1922, I1923, I1927, I1930, I1949, I1952, I1978, I1979, I1982, 
I2009, I2010, I2297, I2312, I2319, I2357, I2362, I2432, I2436, I2437, I2438, I2439, I2441, I2444, I459, 

I590, I600

Sandveld Nature Reserve Free State South Africa MT093525 this study

2 individuals Dronfield Northern Cape South Africa

13 individuals Rooipoort Northern Cape South Africa
I1294, I1379, I2015, I2355 Sandveld Nature Reserve Free State South Africa

I2103, I2104, I2106 Kolomela Mine Postmasburg Northern Cape South Africa
I3751, I3752, I3753, I3754, I3755, I3756, I3757, I3758, I3759 Tswalu Kalahari Reserve Northern Cape South Africa

I3933, I3934, I7382, I7396 Molopo Nature Reserve North West South Africa
I7509 Mariental - Namibia
I7430 Tswalu Kalahari Reserve Northern Cape South Africa

- Mariental - Namibia JQ003323 du Toit et al. (2012)
- Keetmanshoop - Namibia JQ003327 du Toit et al. (2012)
- Keetmanshoop - Namibia JQ003328 du Toit et al. (2012)
- Keetmanshoop - Namibia JQ003329 du Toit et al. (2012)
- Keetmanshoop - Namibia JQ003331 du Toit et al. (2012)
- Keetmanshoop - Namibia JQ003332 du Toit et al. (2012)
- Gellap - Namibia JQ003334 du Toit et al. (2012)
- Gellap - Namibia JQ003391 du Toit et al. (2012)
- Gellap - Namibia JQ003392 du Toit et al. (2012)
- Twee Rivieren - Namibia JQ003392 du Toit et al. (2012)
- Fish River canyon - Namibia JQ003394 du Toit et al. (2012)
- Fish River canyon - Namibia JQ003397 du Toit et al. (2012)

I1300, I1380, I1386, I1413, I1950, I1980, I2308, I2314, I2344, I2354, I2442, I2443 Sandveld Nature Reserve Free State South Africa
I1850, I2112, I2127, I2134, I2141, I2162, I2163, I2172, I2282, I3944, I3954, I3963 Soetdoring Nature Reserve Free State South Africa

- Dronfield Northern Cape South Africa JQ003465 du Toit et al. (2012)
Hap_15 I1318, I1378, I1429, I2306 Sandveld Nature Reserve Free State South Africa MT093528 this study

I1392, I1877, I1887, I1896, I1901, I1905, I2011 Sandveld Nature Reserve Free State South Africa MT093529 this study
- Keetmanshoop - Namibia JQ003330 du Toit et al. (2012)
- Narais - Namibia JQ003383 du Toit et al. (2012)
- Narais - Namibia JQ003385 du Toit et al. (2012)
- Narais - Namibia JQ003388 du Toit et al. (2012)
- Narais - Namibia JQ003389 du Toit et al. (2012)
- Otjiamongombe - Namibia JQ003403 du Toit et al. (2012)
- Otjiamongombe - Namibia JQ003405 du Toit et al. (2012)
- Windhoek - Namibia JQ003468 du Toit et al. (2012)
- Windhoek - Namibia JQ003470 du Toit et al. (2012)

I1872, I1894 Sandveld Nature Reserve Free State South Africa
I2129 Soetdoring Nature Reserve Free State South Africa

I7348, I7355, I7356, I7358, I7531, I7538 Tswalu Kalahari Reserve Northern Cape South Africa
Hap_23 I2105 Kolomela Mine Postmasburg Northern Cape South Africa MT093533 this study
Hap_24 I2107 Kolomela Mine Postmasburg Northern Cape South Africa MT093534 this study
Hap_25 I2174 Tussen die Riviere Nature Reserve Free State South Africa MT093535 this study

I2176, I2177, I2178, I2179, I2181, I2183, I2185, I2189, I2190, I2197, I2201, I2204, I2205, I2212, I2214, 
I2216, I2219, I2220, I2224, I2229, I2230, I2233, I2234, I2237, I2238, I2239, I2240, I2242, I2244, I2247, 
I2248, I2249, I2251, I2252, I2253, I2254, I2255, I2258, I2260, I2261, I2262, I2263, I2265, I2279, I2281, 
I2454, I2465, I2499, I2505, I2656, I2658, I2672, I2673, I2674, I2679, I2681, I4554, I4563, I4574, I4581, 
I4594, I4601, I4604, I4608, I4615, I4622, I4626, I4637, I4649, I4654, I4657, I4660, I4661, I4669, I4674, 
I4682, I4687, I4688, I4696, I4698, I4700, I4704, I4706, I4707, I4713, I4719, I4726, I4727, I4728, I4729, 
I4730, I4735, I4749, I4751, I4752, I4753, I4756, I4757, I4758, I4762, I4763, I4765, I4766, I4767, I4773, 
I4781, I4783, I4787, I4790, I4793, I4794, I4796, I4801, I4802, I4805, I4808, I4809, I4810, I4811, I4812, 
I4815, I4816, I4818, I4819, I4829, I4831, I4832, I4833, I4834, I4840, I4846, I4847, I4848, I4849, I4856, 

I4857, I4858, I4864, I4866, I4869, I4873, I4874, I4875, I4879, I4880, I4881, I4882, I515, I517, I5407, 
I5408, I5411, I5412, I5413, I5415, I5424, I5428, I5429, I5431, I5441, I5444, I5451, I5453, I5454, I5456, 
I5457, I5460, I5461, I5462, I5466, I5472, I5476, I5478, I5479, I5825, I5826, I5827, I5828, I5831, I5832, 
I5834, I5835, I5837, I5838, I5840, I5844, I5845, I5846, I5848, I5851, I5854, I5857, I5858, I5859, I5861, 
I5862, I5863, I5864, I5865, I5870, I5871, I5872, I5873, I5875, I5876, I5877, I5878, I5880, I5881, I5882, 
I5883, I5884, I5885, I5886, I5887, I5892, I5893, I5894, I5896, I5897, I5901, I5903, I5906, I5909, I5910, 

I5913, I5919

Tussen die Riviere Nature Reserve Free State South Africa

I3937, I3938, I3939, I3941 Rustfontein Dam Nature Reserve Free State South Africa
- Tussen die Riviere Nature Reserve Free State South Africa JQ003457 du Toit et al. (2012)
- Tussen die Riviere Nature Reserve Free State South Africa JQ003458 du Toit et al. (2012)

Hap_27 I2199, I2278, I2452, I2455, I2464, I2471, I2473, I2489, I2492, I2493, I2494, I2510, I2511, I2677, I4575, 
I4745, I4759, I5847, I5879

Tussen die Riviere Nature Reserve Free State South Africa MT093537 this study

I529, I543 Benfontein Nature Reserve Northern Cape South Africa MT093548 this study
- Dronfield Northern Cape South Africa JQ003460 du Toit et al. (2012)

Hap_39 I601 Sandveld Nature Reserve Free State South Africa MT093549 this study
I7552, I7563 Lake Naute - Namibia MT093553 this study

- Fish River canyon - Namibia JQ003396 du Toit et al. (2012)
Hap_44 - Mariental - Namibia JQ003324 du Toit et al. (2012)
Hap_45 - Mariental - Namibia JQ003325 du Toit et al. (2012)
Hap_46 4 individuals Keetmanshoop - Namibia JQ003326 du Toit et al. (2012)
Hap_47 - Keetmanshoop - Namibia JQ003333 du Toit et al. (2012)

- Narais - Namibia JQ003384 du Toit et al. (2012)
- Narais - Namibia JQ003387 du Toit et al. (2012)
- Otjiamongombe - Namibia JQ003402 du Toit et al. (2012)
- Swakopmund - Namibia JQ003441 du Toit et al. (2012)

Hap_77 - Narais - Namibia JQ003386 du Toit et al. (2012)
- Gellap - Namibia JQ003390 du Toit et al. (2012)
- Fish River canyon - Namibia JQ003395 du Toit et al. (2012)

Hap_79 Gellap - Namibia JQ003393 du Toit et al. (2012)
2 individuals Otjiamongombe - Namibia JQ003398 du Toit et al. (2012)

- Otjiamongombe - Namibia JQ003400 du Toit et al. (2012)
- Otjiamongombe - Namibia JQ003399 du Toit et al. (2012)
- Otjiamongombe - Namibia JQ003401 du Toit et al. (2012)
- Otjiamongombe - Namibia JQ003404 du Toit et al. (2012)
- Otjiamongombe - Namibia JQ003406 du Toit et al. (2012)
- Otjiamongombe - Namibia JQ003407 du Toit et al. (2012)

Hap_93 8 individuals Swakopmund - Namibia JQ003442 du Toit et al. (2012)
5 individuals Groblershoop - Namibia JQ003461 du Toit et al. (2012)

- Groblershoop - Namibia JQ003462 du Toit et al. (2012)
Groblershoop - Namibia JQ003463 du Toit et al. (2012)

Rhabdomys bechuanae

Hap_26

Hap_38

Hap_10

Hap_12

Hap_13

Hap_14

Hap_17

Hap_43

Hap_76

Hap_78

Hap_80

Hap_81

Hap_99

Hap_9

Hap_18

MT093522 this study

JQ003409 du Toit et al. (2012)a

MT093536 this study

MT093523 this study

JQ003408 du Toit et al. (2012)

MT093530 this study

JQ003453 du Toit et al. (2012)

MT093526 this study

MT093527 this study



Hap_100 8 individuals Windhoek - Namibia JQ003466 du Toit et al. (2012)
Hap_101 4 individuals Windhoek - Namibia JQ003467 du Toit et al. (2012)
Hap_102 - Windhoek - Namibia JQ003469 du Toit et al. (2012)

I1210, I1212, I1213, I1214, I1215, I1218, I1219 Walkers Farm Gauteng South Africa
I1221, I1223 Rietvlei Nature Reserve Nature Reserve Gauteng South Africa

I1228, I1229, I1235, I2115, I2605, I2647, I4542 Soetdoring Nature Reserve Free State South Africa
I1248, I1457, I1816, I1829, I1832, I1833, I1839, I1849, I1860, I2376, I2377 Carletonville Gauteng South Africa

I2040 Letšeng Diamond Mine - Lesotho
I2042, I2046 Maria Moroka Nature Reserve Free State South Africa

I311, I312, I2047, I2048, I2049, I2050, I2051, I2052 Koppies Nature Reserve Free State South Africa
I2184, I2195, I2207, I2211, I2217, I2218, I2250, I2266, I2466, I4685, I4705, I6836, I6852, I6853, I6859 Tussen die Riviere Nature Reserve Free State South Africa

I2379, I2380, I2381, I2383, I2384 Bronkhorstspruit Gauteng South Africa
I307, I310 Caledon Nature Reserve Free State South Africa

I3761, I3763, I3764, I3766 Ha Rapokolane Lesotho - Lesotho
I3940 Rustfontein Dam Nature Reserve Free State South Africa

- Piligrim's rest Mpumalanga South Africa JQ003428 du Toit et al. (2012)
- Stellenbosh Western Cape South Africa JQ003429 du Toit et al. (2012)

2 individuals Alice Eastern Cape South Africa JQ003429 du Toit et al. (2012)
- Viljoenskroon Free State South Africa JQ003429 du Toit et al. (2012)
- Viljoenskroon Free State South Africa JQ003459 du Toit et al. (2012)

- Chelmsford Kwazulu Natal South Africa KC296588 du Toit et al. (2013)b

- Chelmsford Kwazulu Natal South Africa KC296591 du Toit et al. (2013)
Hap_4 I1211 Walkers Farm Gauteng South Africa

I1230, I1237, I1823, I1999 Soetdoring Nature Reserve Free State South Africa
I3900, I3901, I3902, I3912, I3913, I3914, I3929, I3930, I3931 Barberspan Nature Reserve North West South Africa

I615 Caledon Nature Reserve Free State South Africa
- Willem Pretorius Nature Reserve Free State South Africa JQ003436 du Toit et al. (2012)
- Fort Beaufort Eastern Cape South Africa KC296590 du Toit et al. (2013)

I1217 Rietvlei Nature Reserve Gauteng South Africa
I1226 Irene Gauteng South Africa

- Fort Beaufort Eastern Cape South Africa JQ003377 du Toit et al. (2012)
- Fort Beaufort Eastern Cape South Africa KC296587 du Toit et al. (2013)

I2035, I2036, I2037, I2038 Letšeng Diamond Mine - Lesotho
I2039 Letšeng Diamond Mine - Lesotho

Hap_21 - Willem Pretorius Nature Reserve Free State South Africa JQ003435 du Toit et al. (2012)
I2041, I2043, I2044, I2045 Maria Moroka Nature Reserve Free State South Africa

I305, I612, I614 Caledon Nature Reserve Free State South Africa
I3765 Ha Rapokolane Lesotho - Lesotho

- Willem Pretorius Nature Reserve Free State South Africa JQ003437 du Toit et al. (2012)
Hap_30 I2372 Birha Coastal Region EasternCape Eastern Cape South Africa MT093540 this study

I2375 Caledon Nature Reserve Free State South Africa MT093541 this study
- Stellenbosh Western Cape South Africa JQ003430 du Toit et al. (2012)

Hap_33 I2626 Soetdoring Nature Reserve Free State South Africa MT093543 this study
Hap_34 I306, I309, I608, I616 Caledon Nature Reserve Free State South Africa MT093544 this study
Hap_35 I3760 Bokong NR Leribe Lesotho - Lesotho MT093545 this study
Hap_36 I3762 Bokong NR Leribe Lesotho - Lesotho MT093546 this study
Hap_37 I4590, I4625, I4789 Tussen die Riviere Nature Reserve Free State South Africa MT093547 this study
Hap_74 - Fort Beaufort Eastern Cape South Africa JQ003376 du Toit et al. (2012)

Hap_109 - Fort Beaufort Eastern Cape South Africa KC296585 du Toit et al. (2013)
Hap_110 - Fort Beaufort Eastern Cape South Africa KC296586 du Toit et al. (2013)
Hap_111 - Chelmsford Kwazulu Natal South Africa KC296589 du Toit et al. (2013)
Hap_112 - Chelmsford Kwazulu Natal South Africa KC296592 du Toit et al. (2013)

I1216, I1257, I1260, I1452, I1456, I1459 Lajuma Research Station Limpopo South Africa
I1220 Rietvlei Nature Reserve Gauteng South Africa

I1222, I1224, I1225 Irene Gauteng South Africa

Hap_7

I1227, I1238, I1239, I1261, I7688, I7695, I7696 Lajuma Research Station Limpopo South Africa MT093520 this study

I530, I532, I1231, I1232, I1798, I1800, I1801, I1802, I1803, I1804, I1807, I1808, I1809, I1810, I1811, 
I1812, I1813, I1814, I1815, I1817, I1818, I1819, I1820, I1821, I1822, I1824, I1828, I1830, I1831, I1834, 
I1836, I1837, I1838, I1841, I1842, I1843, I1844, I1845, I1846, I1847, I1851, I1852, I1853, I1854, I1855, 
I1858, I1859, I1862, I1863, I1864, I1932, I1935, I1936, I1937, I1940, I1941, I1942, I1985, I1986, I1987, 
I1988, I1989, I1990, I1991, I1993, I1994, I1995, I1996, I1997, I2001, I2002, I2003, I2004, I2005, I2108, 
I2109, I2111, I2114, I2117, I2118, I2119, I2120, I2122, I2123, I2124, I2125, I2126, I2128, I2130, I2131, 
I2132, I2135, I2136, I2139, I2140, I2142, I2143, I2144, I2145, I2146, I2147, I2148, I2149, I2150, I2152, 
I2154, I2157, I2158, I2161, I2164, I2167, I2168, I2169, I2171, I2270, I2271, I2272, I2283, I2285, I2286, 
I2287, I2288, I2289, I2290, I2291, I2598, I2599, I2600, I2601, I2602, I2603, I2604, I2606, I2607, I2608, 
I2609, I2610, I2611, I2612, I2613, I2614, I2615, I2616, I2617, I2618, I2619, I2620, I2621, I2622, I2623, 
I2624, I2625, I2627, I2628, I2629, I2630, I2631, I2632, I2633, I2634, I2635, I2636, I2637, I2638, I2639, 
I2640, I2641, I2642, I2643, I2644, I2645, I2646, I2648, I2649, I2650, I2651, I2652, I2653, I2654, I2655, 

I3950, I3956, I3959, I4522, I4538

Soetdoring Nature Reserve Free State South Africa

I462, I464, I465, I466, I469, I470, I471, I472, I473, I474, I475, I476, I477, I478, I479, I594, I599, I605, 
I606, I1240, I1241, I1242, I1244, I1245, I1290, I1292, I1293, I1295, I1302, I1314, I1317, I1319, I1320, 

I1321, I1322, I1326, I1331, I1332, I1336, I1337, I1338, I1341, I1344, I1349, I1350, I1351, I1352, I1354, 
I1355, I1356, I1362, I1371, I1376, I1385, I1387, I1396, I1397, I1403, I1406, I1407, I1410, I1415, I1417, 
I1418, I1423, I1426, I1430, I1437, I1438, I1440, I1441, I1442, I1443, I1445, I1446, I1466, I1870, I1874, 
I1875, I1889, I1895, I1904, I1910, I1918, I1926, I1945, I1961, I1962, I1963, I1969, I1977, I1983, I2007, 

I2012, I2358, I2364, I2433

Sandveld Nature Reserve Free State South Africa

I1247, I1259, I1262, I1263, I1264, I1265, I1266, I1267, I1268, I1269, I1270, I1271, I1272, I1273, I1274, 
I1276, I1277, I1278, I1279

Klerksdorp North West South Africa

I1249, I1251, I1252, I1254, I1255 Potchefstroom North West South Africa
I1250, I1253, I1256, I1258, I1450, I1451 Lajuma Research Station Limpopo South Africa

I1458 Carletonville Gauteng South Africa

I500, I501, I502, I504, I505, I2292, I2293, I2294, I2295, I2296, I2298, I2310, I2311, I2320, I2321, I2325, 
I2326, I2327, I2328, I2329, I2330, I2331, I2335, I2336, I2337, I2339, I2340, I2341, I2342, I2343, I2345, 

I2346, I2349, I2356, I2359, I2363, I2430, I2431, I2440
Bloemhof Nature Reserve North West South Africa

I2385 Bronkhorstspruit Gauteng South Africa
I3903, I3906, I3907, I3908, I3915, I3919, I3920, I3923, I3926 Barberspan Nature Reserve North West South Africa

- Irene Gauteng South Africa JQ003431 du Toit et al. (2012)
- Sandveld Nature Reserve Free State South Africa JQ003454 du Toit et al. (2012)
- Sandveld Nature Reserve Free State South Africa JQ003455 du Toit et al. (2012)

I1246 Klerksdorp North West South Africa
I1453 Lajuma Research Station Limpopo South Africa

I2324, I2332, I2348, I2350, I2351, I2361, I2365 Bloemhof Nature Reserve North West South Africa
I2378 Carletonville Gauteng South Africa

I3909, I3924, I3932 Barberspan Nature Reserve North West South Africa
I2333, I2334, I2338, I2360 Bloemhof Nature Reserve North West South Africa

I3904, I3905, I3910, I3911, I3916, I3917, I3918, I3921, I3922, I3925, I3927, I3928 Barberspan Nature Reserve North West South Africa
Hap_32 I2382 Bronkhorstspruit Gauteng South Africa MT093542 this study
Hap_88 - Inyanga - Zimbabwe JQ003432 du Toit et al. (2012)
Hap_89 - Vumba - Zimbabwe JQ003433 du Toit et al. (2012)
Hap_90 - Vumba - Zimbabwe JQ003434 du Toit et al. (2012)

I6905 Tussen die Riviere Nature Reserve Free State South Africa MT093550 this study
- - - - JQ003443 du Toit et al. (2012)

Hap_71 - - - - JQ003372 du Toit et al. (2012)
- - - - JQ003374 du Toit et al. (2012)
- - - - JQ003427 du Toit et al. (2012)
- - - - JQ003440 du Toit et al. (2012)
- - - - JQ003447 du Toit et al. (2012)
- - - - JQ003448 du Toit et al. (2012)
- - - - JQ003451 du Toit et al. (2012)
- - - - JQ003452 du Toit et al. (2012)

Hap_86 - - - - JQ003425 du Toit et al. (2012)
Hap_87 - - - - JQ003426 du Toit et al. (2012)
Hap_91 - - - - JQ003438 du Toit et al. (2012)
Hap_92 - - - - JQ003439 du Toit et al. (2012)
Hap_94 - - - - JQ003444 du Toit et al. (2012)
Hap_95 - - - - JQ003445 du Toit et al. (2012)
Hap_96 - - - - JQ003446 du Toit et al. (2012)
Hap_97 - - - - JQ003449 du Toit et al. (2012)
Hap_98 - - - - JQ003450 du Toit et al. (2012)
Hap_19 - - - - JQ003341 du Toit et al. (2012)

I7438, I7439, I7440, I7441 Brand Karos Northern Cape South Africa MT093551 this study
- - - - JQ003320 du Toit et al. (2012)
- - - - JQ003322 du Toit et al. (2012)
- - - - JQ003337 du Toit et al. (2012)
- - - - JQ003338 du Toit et al. (2012)
- - - - JQ003340 du Toit et al. (2012)
- - - - JQ003364 du Toit et al. (2012)
- - - - JQ003370 du Toit et al. (2012)
- - - - JQ003378 du Toit et al. (2012)
- - - - JQ003379 du Toit et al. (2012)
- - - - JQ003380 du Toit et al. (2012)
- - - - JQ003415 du Toit et al. (2012)

I7443, I7459 Oranjmund - Namibia MT093552 this study
- - - - JQ003321 du Toit et al. (2012)
- - - - JQ003335 du Toit et al. (2012)
- - - - JQ003336 du Toit et al. (2012)

Hap_49 - - - - JQ003339 du Toit et al. (2012)
- - - - JQ003342 du Toit et al. (2012)
- - - - JQ003354 du Toit et al. (2012)
- - - - JQ003369 du Toit et al. (2012)

Rhabdomys intermedius

Hap_31

Hap_3

Hap_6

Hap_20

Hap_22

Hap_5

Hap_11

Hap_28

Hap_40

Hap_73

Hap_41

Hap_42

Hap_48

Rhabdomys dilectus dilectus

Hap_8

Hap_50

this study

MT093517 this study

MT093519 this study

MT093516

MT093538 this study

Rhabdomys dilectus chakae

Rhabdomys pumilio 

MT093518 this study

MT093521 this study

MT093524 this study

MT093531 this study

MT093532 this study



- - - - JQ003420 du Toit et al. (2012)
- - - - JQ003423 du Toit et al. (2012)
- - - - JQ003343 du Toit et al. (2012)
- - - - JQ003419 du Toit et al. (2012)

Hap_52 - - - - JQ003344 du Toit et al. (2012)
- - - - JQ003345 du Toit et al. (2012)
- - - - JQ003416 du Toit et al. (2012)
- - - - JQ003417 du Toit et al. (2012)

I5034, I5038 Mossel Bay Western Cape South Africa MT093554 this study
- - - - JQ003346 du Toit et al. (2012)

I5030 Mossel Bay Western Cape South Africa MT093555 this study
- - - - JQ003347 du Toit et al. (2012)
- - - - JQ003349 du Toit et al. (2012)
- - - - JQ003351 du Toit et al. (2012)

Hap_56 I5037 Mossel Bay Western Cape South Africa MT093556 this study
- - - - JQ003348 du Toit et al. (2012)

Hap_57 - - - - JQ003350 du Toit et al. (2012)
Hap_58 - - - - JQ003352 du Toit et al. (2012)

- - - - JQ003353 du Toit et al. (2012)
- - - - JQ003358 du Toit et al. (2012)
- - - - JQ003410 du Toit et al. (2012)

Hap_60 - - - - JQ003355 du Toit et al. (2012)
Hap_61 - - - - JQ003356 du Toit et al. (2012)

- - - - JQ003357 du Toit et al. (2012)
- - - - JQ003421 du Toit et al. (2012)
- - - - JQ003359 du Toit et al. (2012)
- - - - JQ003413 du Toit et al. (2012)
- - - - JQ003422 du Toit et al. (2012)
- - - - JQ003360 du Toit et al. (2012)
- - - - JQ003411 du Toit et al. (2012)

Hap_65 - - - - JQ003361 du Toit et al. (2012)
Hap_66 - - - - JQ003362 du Toit et al. (2012)
Hap_67 - - - - JQ003363 du Toit et al. (2012)
Hap_68 - - - - JQ003365 du Toit et al. (2012)

- - - - JQ003366 du Toit et al. (2012)
- - - - JQ003367 du Toit et al. (2012)
- - - - JQ003368 du Toit et al. (2012)

Hap_70 - - - - JQ003371 du Toit et al. (2012)
- - - - KC296584 du Toit et al. (2012)
- - - - JQ003381 du Toit et al. (2012)
- - - - JQ003382 du Toit et al. (2012)
- - - - JQ003412 du Toit et al. (2012)

Hap_83 - - - - JQ003414 du Toit et al. (2012)
Hap_84 - - - - JQ003418 du Toit et al. (2012)
Hap_85 - - - - JQ003424 du Toit et al. (2012)

Hap_113 I4992, I5028, I5032, I5033, I5036, I5042, I5043, I5044, I5045 Mossel Bay Western Cape South Africa MT093557 this study
Hap_114 I5017, I5026, I5039 Mossel Bay Western Cape South Africa MT093558 this study

Rhabdomys pumilio I2366, I2367, I2368, I2369, I2370, I2371, I2373 Birha Coastal Region EasternCape Eastern Cape South Africa MT093539 this study
- - - - JQ003375 du Toit et al. (2012)
- - - - JQ003373 du Toit et al. (2012)
- - - - KC296584 du Toit et al. (2013)

Hap_107 - - - - KC296581 du Toit et al. (2013)
- - - - KC296582 du Toit et al. (2013)
- - - - KC296583 du Toit et al. (2013)

Coastal B

Hap_108

Hap_72

Hap_29

Hap_53

Hap_75

Hap_82

Hap_55

Hap_59

Hap_62

Hap_63

Hap_64

Hap_69

Hap_51

Hap_54

adu Toit N, van Vuuren BJ, Matthee S, Matthee CA (2012) Biome specificity of distinct genetic lineages within the four-striped mouse Rhabdomys pumilio (Rodentia: Muridae) from southern Africa with implications for taxonomy. Molecular Phylogenetics and Evolution, 65: 75-86.
bdu Toit N, van Vuuren BJ, Matthee S, Matthee CA (2013) Biogeography and host-related factors trump parasite life history: limited congruence among the genetic structures of specific ectoparasitic lice and their rodent hosts. Molecular Ecology, 22: 5185-5204.
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