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Fig.  1. Vegetation  habitat  zones  in  Australia  and  New  Zealand;  (A)  Last glacial  maximum  (LGM),  modi“ed  from  Hope  et  al. (2004)  and  Alloway  et  al. (2007) . (B)  Approximate
distribution  of  vegetation  zones  in  New  Zealand  at  (i)  LGM, (ii)  pre-human,  (iii)  modern  (post  human  settlement)  New  Zealand  (modi“ed  from  Alloway  et  al., 2007 ).

and  intriguing  contrast  
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Fig.  2. Distribution  of  mtDNA  COI diversity  among  Phaulacridium  grasshoppers  in  Australia  and  New  Zealand  with  haplotype  networks  for  each taxon.  (A)  Australian  and
New  Zealand  region  with  distribution  of  Phaulacridium  taxa,  with  matching  colored  circles  in  corresponding  haplotype  networks  (NZmarg  = New  Zealand  P. marginale , NZota
Alex  = New  Zealand  P. otagoense from  Alexandra  area, NZota  Mack  = New  Zealand  P. otagoense from  Mackenzie  area, EAhow  = P. vittatum  eastern  Australia  and  P. howeanum ,
WA cras = P. vittatum  western  Australia  and  P. crassum). (B)  Map  of  New  Zealand  showing  the  four  main  sampling  areas (three  in  mainland  New  Zealand,  the  fourth  being  the
Chatham  Islands)  of  P. marginale  with  sampling  locations  (colored  circles);  inset  (i)  shows  haplotype  network  for  P. marginale , with  colors  corresponding  to  sampling  areas
and  depicting  the  frequency  of  the  different  areas within  one  haplotype;  inset  (ii)  shows  a neighbour-joining  tree  representing  all  sampled  taxa,  with  colored  labels  of  P.
marginale  representing  haplotypes  according  to  sampling  areas and  colored  circles  in  Fig. 2B(i).

density  of  macropterous  individuals  (M.  Lusk  pers.  comm.).  In
Australia,  P. vittatum  is the  most  widespread  species and  often
becomes  abundant  enough  to  be considered  a signi“cant  pest
on  pasture  land  (Australian  Department  of  Agriculture  and  Food,
http://agspsrv34.agric.wa.gov.au/ento/pestweb/Query1  1.idc?
ID=307365355 ), whilst  P. crassum
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Table  1
DNA  variation  and  haplotype  diversity  within  and  between  regional  samples  of  P. marginale  in  the  New  Zealand  region  and  the  two  populations  of  P. otagoense, with  the
sample  size for  each region  (n), number  of  observed  haplotypes  (Nhaps ), number  of  unique  haplotypes  (Nunihaps ) per  population,  average  number  of  nucleotide  differences
(k), nucleotide  diversity  (�  ×  10Š3), number  of  polymorphic  sites  (S), Tajima•s  D (*P < 0.05)  and  haplotype  diversity  (h). Region  abbreviations  correspond  to  abbreviations  in
Supplementary  Table  1 and  Fig. 2B (NNZ  = Northern  North  Island,  CNZ = Central  Mainland  New  Zealand,  SNZ = Southern  South  Island,  CHI = Chatham  Islands;  NZota  Alex  = P.
otagoense population  in  Alexandra,  Otago,  NZota  Mack  = P. otagoense population  in  Mackenzie,  Canterbury).
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Fig.  3. Mismatch  distributions  calculated  for  P. marginale  (black)  and  P. otagoense (grey)  from  COI mtDNA  illustrating  the  differences  in  genetic  divergence  within  the  two
species. (A)  Frequency  distribution  plot  based on  proportionated  frequencies  and  pairwise  genetic  distances  highlighting  the  difference  in  frequency  distribution  in  the  two
species, with  P. marginale  mostly  exhibiting  low  genetic  distances  (up  to  1.5%) and  P. otagoense showing  the  highest  frequency  at  approximately  4% pairwise  genetic  distance.
(B)  Distribution  plot  based on  genetic  and  geographic  distances  of  individuals  of  the  two  species, depicting  the  high  genetic  divergence  coupled  with  a narrow  geographic
range  in  P. otagoense (grey  triangles)  and  the  opposite  … low  genetic  distance  within  a wider  geographic  distribution  … in  P. marginale  (black  dots).

networks,  each representing  grasshoppers  from  one  of  the  two
small  areas in  southern  New  Zealand  where  this  species is found
(Fig. 2A). This  species displays  higher  genetic  diversity  than  the
widespread  P. marginale  with  nine  haplotypes  found  in  a sample  of
11  grasshoppers  (Fig. 2A, Table  1). Of these  nine  haplotypes  seven
were  unique  within  the  respective  population  (Fig. 2B inset  (i),  Sup-
plementary  Table  1, Table  1). The calculated  uncorrected  pairwise
genetic  distances  within  this  species reached  0.015  (1.5%) in  the
Alexandra  population  (NZotaAlex)  and  0.018  (1.8%) in  the  more
northern  Mackenzie  population  (NZotaMack)  (Fig. 2A). The maxi-
mal  genetic  distance  between  any  two  P. otagoense haplotypes  was
0.037  (3.7%) across a spatial  range  of  about  180  km.  This  is  sim-
ilar  to  the  maximum  genetic  distance  between  P. otagoense and
P. marginale  (0.035/3.5%).  Mismatch  distributions  calculated  for
P. marginale  and  P. otagoense highlights  the  difference  in  genetic
divergence  within  these  two  species (Fig. 3A and  B).

Populations  of  P. marginale  displayed  very  low  levels  of  DNA
nucleotide  diversity  (� )  within  mainland  New  Zealand  and  the
Chatham  Islands  (Table  1). The sequences  of  the  northern  area
had  the  highest  level  of  haplotype  and  nucleotide  diversity.
These results  of  mtDNA  differentiation  refute  the  prediction  of  P.
marginale  partitioning  into  northern,  southern  and  Chatham  Island
populations,  but  rather  show  panmixis  in  New  Zealand.  In  the
current  data  set  no  isolation  by  distance  is apparent.  Tajima  D tests
(Tajima,  1989 ) were  only  signi“cant  for  the  SNZ dataset  and  the
total  population  (Table  1). Negative  Tajima•s  D statistics  for  the  dif-

ferent  populations  indicate  an excess of  sites  with  low  frequency
polymorphisms,  i.e., the  population  has yet  to  reach  equilibrium
(Tajima,  1989 ). The two  P. otagoense population  samples  on  the
other  hand  show  higher  estimates  of  �  than  P. marginale  popu-
lations  in  their  small  modern  range  (Table  1), implying  that  this
species had  a larger  population  size and  range  until  relatively
recently.

The Australian  species P. vittatum  cannot  be 
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the  habitat/region  occupied  by  P. otagoense today  probably  repre-
sents  the  most  extensive  natural  lowland  grass/scrubland  available
in  New  Zealand  prior  to  human  colonization.  Other  extensive  
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Vandergoes,  M.J., Williams,  P.W., NZ-INTIMATE  members,  2007.  Towards  a
climate  event  stratigraphy  for  New  Zealand  over  
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