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Till'  NfU  Zealand  lu-hcs  (Srn»f)luilariat'eae)  arr  nu'inlu'is  of  a  lar^c  Soiillu'iii  I  Irrnisplu're  clade  nested  williin  Ve-
ronica. Analysis  of  IIS  and  rlnX.  scijuences  siit!;gfsls  Hiat  the  Nt'w  Zealand  species  are  derived  from  a  single  eonunon

ancesh)!  that  arrived  via  long-distance  dispersal.  After  the  estahlishnient  of  iliis  initial  fonnder  population  in  Nen
Zealand,  llie  hehes  have  undergone  at  least  two  major  episod«»s  of  diversification,  giving  rise  to  six  elades.  1  he  great
degree  of  moiphological  di\ersilv  in  the  New  Zealand  hehi-s  contrasts  with  a  c()nes[)ondiug  lo\s  le\el  of  se<|uence
ilivcrgcui'e.  New  Ze'aland  was  a  source  of  new  emigrants  to  t)thcr  regions  in  the  South  l^acilic  that  were  [)readaplcd  to
high  mountains  or  forest  margins.  Our  results  suggest  that  two  instances  t)f  long-distance  dispersal  from  New  Zealand
to  South  America,  at  least  one  instance  from  New  Zealand  to  Australia,  and  one  instance  from  New  Zealand  to  New
(iuinea  have  occurred  relati\el\   rec^Mith.  Short(M"  hops  Itt  tlu  ̂ (Chatham  Ishmds  and  the  suhantaretie  islands  arc  alst)
supported  h)  tlie  s(Miuence  data.
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L(nig-dislanc(  ̂ tlispersal  has  a  profound  influence  in  New  Zealand  are  conspicuous  elein(*nts  in  most
on  llie  evolution  of  insular  floras  (Carl([uisl,  1971),  terrestrial  ecosystems  except  (orchis  and  wcllatuls.
and  there  is  substantial  evidence  suggesting  that  il  SptM'ies  such  as  UeJw  (irmstrongii,  H.  r///»re.s.vo/V/e.s-,
occurs   ndalively   frequently   (Godley,    1967;    l\)lc,  and  IL  speciosa  have  patchy  or  localized  dislri-
1991).  One  of  the  most  rcrnarkahle  examples  of  dis-  hutions  and   are  c<»nsidered  rare  or  endangered;
persal  folloAved  by  atlaptivc  evolution  on  islands  is  about   7()7c  of  llie  species  are  confimnl   to  small
the  New  Zealand  hebi's  (Scrophulariaceae).  Wags-  regions  within  New  Zealand,
laff  an<l  Carnock-Jones  (1098,  2000)  suggesttnl  that The  New  Zealand  hebes  were  formerly  included
the  New  Zealand  hcbcs  arc  the  descendants  of  a  in  a  broadl)  dclincd  circumscription  ol  the  genus
small  founder  population  that  may  have  been  de-  Veronica  (Weltstein,  1891;  Cheeseman,  1925),  but
rived  from  a  single  seed.  They  proposed  that  com-  recent  flora  and  taxonomic  treattnenis  (Ashwin  &
biiu'tl  influences  of  irdueeding,  genetic  drift,  and  Moore  in  Allan,  1901;  Curnock-Jones,  1993a,  b;
strong  s(dection  acting  upon  small  populali(»ns  have  Ih^uls,  1994a,  b)  recognize  less  in(dusive  groups
probably  played  a  major  role  in  the  i^a|)kl  diversi-       (see  Tal)le  1),  usually  accepting  four  genera  in  New

Zealand:   Cliiofioht'he,   Hcbt\   Heliohehe,   and  Ptira-fieation  of  tin'  grouj).
The  hebes  arc  one  of  th<"  largest  and  most  eco-       hcbc  (Carnock-Jones,   1993a,  b).  Heads  (1987)  de-

scribed an  additional  genus.  Leonohcbe.  Altlioughlogically  diverse  plant  grou[is  in  New  Zealand,  in-
cluding over  120  species,  with  outlier  populations       we  do  not  acct^)!  his  wide  circiunserij)tion  of  that

In  eastern  Australia,  Tasnuuna,  New  (/uinea.  Ha[)a       genus,  the  name  Ijconohchc  could  be  aj^plied  to  a
Islanil,  and  South  America.  I'hev  range  f m  al- small  clade  of  (our  or  five  species  that  is  su])pt>rlcd
pine  cushion-forming  i)latils  (Fig.  5D)  to  lowland  by  the  analyst^s  of  Wagstaff  and  Garriock-Jones
woody  shrubs  or  small  trees  (Fig.  5M,  R,  S),  and       (1998.  2000).

*  Tlie  authors  gralefull)  a<kno\viedge  curators  of  the  e\pfM*inicnta1  <j;anlens  and  ClIK  llcrhariuni  at  Larulcare
Research,  Lincoln,  along  with  the  assistance  of  Anita  Thome,  Atuly  (^lazier,  and  Klizahelh  \hicAvoy  witli  iIk  ̂ DNA
se<[uencirig.  Dick  Olmsleail  conli  iliuted  se\tMal  of  the  ih(\.  seqeuiices  inchrdcd  in  our  stud),  bill  Malcolni  (Micro-
Optii's  Ltd.)  provided  man)  of  the  f>Iiotographs.  arul  Alison  Kellow  assisted  with  preparation  of  figures,  harlici"  versions
of  this  inanuscri|)t  heuelrlcd  great!}  from  the  insij^hlful  comments  of  ('hristitie  Bc/ar',  Use  Br-eitwiesiT,  Mark  (Ihase,
Murray  Dawson,  and  Mison  Kellow.  fhis  rcscaixh  was  funded  in  N(*w  Zealand  h\  the  Foundation  for  R<'sear"ch,  Science
and  Technology  (contracts  {'X)9(A\\  and  MNZ6()1|.  and  the  Mars<len  Fund  (lontract  LAN601).

^I.andcare  Research.  P.O.  Box  69,  bincttln  8152,  New  Zealand.  vva^stafr>^landcart'.cri.nz.
'  Mu-^cuni  of  New  Zealand  Tc  Papa  Ton^^arewa,  P.O.  Box   1(>7,  Wclliri'iiton,  New  Zealand.
'  Scliool  of  I^iological  Sciences  and  Island  Biolog}  Research  Progranirne,  Victoria  TniNersity  ol  Wellington,  P.O.  Box

()(M),  Wellington.  New  Zealand.
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Tal>lt  ̂ 1.      ClassifitaUons  of  New  Zealand  liebes.  The  New  Zealaiul  species  were  placed  in  three  sections  of  \^c'ltstein's
(1H91)  treatment  of  Veronica,  and  Cheeseinan  (1925)  placed  thein  In  two  divisions  of  Veronica,

Weltstein  (1891)
Veronica
sect.  Pygmea

sect.  Hebe

sect.  Chamaedrys

sect.  Labiatoides
sect.  Paederota
sect.  Paederoloides
sect.  Pseudolysimachia
seel.  Veroiucaslriun
sect.  Omphalospora
setrt.  Beccabnuga

C^heeseman  (1925)
Ashwin  &  Moore
in  Allan  (1961)'      Heads  (1987,  1994b)  Garnock-Jones  (1993a,  b)

Veronica
Division  Pvi^mea Pygtnea

Division  Hebe II  eb
''Seniifla^rih^rmes
Lonnatae

<9

"Fhigrilormes1^

**Bu\ilohatae"

"Subihstichae
"Subcarnosae'

»9

"A[)ertae"
"Ocelusae"

"Cranchdorae'
"PaniiHilatae"

Division  Eureronica       Parahebe
"Group  A,  B,  C"

Chionohebe

Leonohebe
sect.  Denslfoliae

sect.  Leonohebe
sect.  Connolae
sect.  Apili
sect.  Flagriformes
sect.  Aromaticae
sect.  Salicornioides
sect.  Baxijoliatae
Hebe
sect.  Subdbtichae
sect.  67 aucae
sect.  Hebe

ser.  Hebe
sen  Oeclusae

Parahebe

sect.  Paniculatae

Chionohebe  liu  ludin^
Parahebe  "Group  B")

Hebe
"Seiniflagrifornies"
Lorniatae

"Flagriformes•>t

i(Buxifoiiatae9»

sect.  Subdislichae
sect.  Gl a  ucae
sect.  Hebe

ser.  Hebe
ser.  Oeclusae

"Granrhliorae"
Heliohebe
Parahebe
"Group  A,  C"
Derwentia

'  In  the  Flora  of  New  Zealand  \olunic  1  (Allan,  1961),  M.  B.  Ashwin  prepared  the  treatment  of  Parcdiebe  ̂ Pygmea,
anil  tlie  infijrmal  grouping  "Flagriforrnes''  of  Hebe,  Tlie  remainder  of  the  flehe  treatment,  including  the  informal  synopsis,
was  prepared  by  L.  B.  Moore.

This  research  contributes  to  ongoing  efforts  to  ported  nionophyletic  groups  among  the  New  Zea-
create  a  phylogenetic  classification  of  Scrophulari-  land  hebes,  to  improve  their  classification,  infer
aceae.  Olmslead  and  Reeves  (1995)  and  Olmstead       their  origin,  and  explore   underlying  processes  of
et  al.  (2001)  sliowed  that  the  Scrophulariaceae,  as  diversification.  We  propose  that  diversification  in
traditionally  circumscribed,  are  not  nionophyletic.  the  group  reflects  transoceanic  dispersal  and  adap-
Tliey  identify  clades  from  a  dismembered  Scrophu-       tive  radiation.  The  liebes  have  successfully  exploit-
lariaceae  s.l.  that  could  itierit  formal  recognition.  In ed  a  diversity  of  ecological  niches  that  were  prob-
their  studies   Veronica   was   nested   within   a  large       ably  created  during  the  recent  uplift  and  glacialion
clade    they   called    the   Antirrhinaceat*  nam,   cons.       of  the  moinitains  of  New  Zealand.
prop.   (Reveal  et  al.,   1999).  This  large  clade  was
recognized  by  Olmstead  and  Reeves  (1995)  and  in-       Ma'FIJUALS  AND  MehioDS
eludes  part  or  all  of  Bcntham's  (1876)  tribes  Digi-
laleae,    Antirrhineae,    Chelojieae,   and    Cratioleae, Our  sampling  strategy  capitalized  on  the  unique
the  small  lril)e  Angelonieae,  and  the  small  families       characteristics    of  rbch   and    ITS    sequences.    The
Callitrichaceae,  Clobulariaceae  (excluding  Selagi-       plastid  encoded  gene  rbch  has  relatively  few  vari-
naceae),  Hi[)puridaceae,  and  Plantaginaceae. able   sites,    which   allowed    sequence   comparisons

The  aim  of  this  research  is  to  ich'ntify  well-sup-       among  distantly  related  outgroups,  and  placement
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of  llif  lu'lx's  widiiii  Scropliulariaceae.  It  is  also  use-  llu'se  genera  were  ineludeil  in  our  analysis.  The
ful  in  that  a  large  nuniher  of  published  rhcL  se-  Asiatic  species  Vcronicastrum  sihiriruni  was  desig-
(juenees  are  available  (or  comparison  (see  Chase  et  nated  as  the  oulgroup  for  th<*  analysis  of  ITS  se-

al.,   1993;  Kiillersjo  et   al..   1998:  Olnisteuid  et  al..  qu<Mices.
2UUK  and  refertMU-es  therein).  Finally,  Albert  et  al.  Voucher  specimens   are   listed   in   App*-ndix   1,
(1994)  and  Bremer  and  Cuslafsson  (1997)  suggest-  along  with   collection    information,  litt^ralure  cita-
ed  that  the  gene  rAcl.  ap|)roaches  clock-like  behav-  tious.   and   GenBank   (<http://www.ncbi.idm.nili.
ior  in  its  evolution,  and  hence  the  amount  of  se-  gov>)  accession  numbers.  The  c(miplele  data  sets
qu<Mice    diverg(Mice    could    be    used    to    estimate  are  available  upon  request  from  the  hrst  author,  and
divergi'uce  times.  By  comparison,  the  nuclear  en-  ^\^^.y   ^^,p,,,   deposited   in   Thm^BASE   (<http://www.
code<l  ITS-reglon  has  man\  more  variable  sites  than  heri)aria.harvard.edu/lrccbase>).  The  study  acces-
r/jcL,  which  providi^s  mon  ̂ informative  characters  ^j^,  ̂   niimlxM-   is   S623,   and    the   matrix   accession
to  ivsolve  relationships  at  loutM-  tavonomic  levels  ,^,„^],,.„  ̂ .„-,.  m961  (rbcL)  and  M9()2  (ITS),
(Baldwin  et  al.,  1995).

STl  l»  ̂   (,llOLi'
1)^A   lAlKACriON,  AMIMIllCAIiON,  AM)
SKQIKNCINC

The  rbcL  studv  group  ct)nsisted  of  33  species
including  12  of  the  New  Zealand  hel)es  with  at  It^ast
1   represenlativc  from  each  of  the  current!)   recog-

Total  DNA  was  extracted  from  either  fresh  leaves
or  leaf  fragments  dried  with  silica  gel  using  a  mod-

nl/.ed  gt^nera.  S  species  *.f  Veronica,  and  1  species  iHcation    of  the   hot    CTAB    method   of  Doyle   and
of   Vcmnicastnim.    Nineteen   rhcl.  sequences   were  r>^>)'  ̂   {VMl).    The    cpDNA    gene    rhd.    and    the
ncul\    published   luMvin   al(»ng  with    13   published  tJiDNA   ITS-reglon  [the  3'  end  of  the   18S  rUNA
sequi^ncps  of  Aniirrhinaceae  from  Olmstead  ci  al.  gene;  internal  transcrilx^l  spacer  -1  (lTS-1);  the
(2001),   and  McotUuw  tahacum   (Solanac(\ie)  was  5.8S  rONA  gene;  internal  transcribed  spacer  -2
dcsIgnaltHJ  as  the  oulgronp  (Lin  el  al.  1986).  Seven  (lTS-2);  and  the  5'  end  of  the  28S  rDNA  gene]  w<M-e
s(»qnences  were  considered  redundant;  even  though  am])lilicd  by  PCR.  Primer  sequences  and  our  am-
they   were  not  identicab  the  resolution  of  missing  plification  and  sequencing  techniques  follow  Ohn-
data   could   p<»tentially    make   them    identical.   We  stead  v\  al.  (1992)  for  r/>cL,  and  Wagstaff  and  (ku'-
ihcrefore  excludtnl  Dcnvcntia  dcrneuliiitia  and  D.  nock-Jones    (1998)    for    the    ITS-region.    Excess
pcrfoHata,  and  the  Ne\\  Zealand  accessions  of /ye/>e  primers   and   unincorporated   nucleotides  were  re-
cUipdca  and  //.  saUcifolia,  from  subscfjuent  analy-  moved  from  the  PCR  prodiuts  by  spin  column  cen-

ses. Nineteen  o(  the  37  species  included  in  tlu  ̂ rhc\.
analvsis  were  also  included  in  the  ITS  survey.

trifugation   (Ql

The  ITS  stud)  grou[)  included  78  sequences,  19
GKN    Inc.).    rhe  purified  DNA   samples  were  then
labtded  with  Big  Dye  terminators  (PE  Ap|)litMl  Bio-

of  which  were  newly  ]>ublished.  Among  these  are  systcMUs,  The  Perkin-Elmer  Corp.).  Both  the  forward
S8   representativ(^s  of  Chlonohchc,   Dcnrcntia,  He-  ^„J  rexcrse  DXA  strands  were  sequiMiced  by  the
Uohche,  and  Parahehe.  including  conspecific  acees-  Waikato  University  DNA  Sequencing  Facility.  Con-
sions  (.f  Chiouohehe  riliolata  and  C.  (lensifolia  from  ,5  ̂ editing  and  assembly  was  accomplished  using
Australia   ami    N(nv   Zealand,   Pamhehe  Uthophila  Sequ(^nch(^r  \(M'sion  3.0  (Gene  Codes  Corp.).
from  Australia,  and  /*  landcuateri  from  New  Guin-

ea,   riiirty-five  speci<'s  of  Hehe  were  also  iticluded,
and  among  tlu^sc  wcvv:  at  least  one  representative  ^f''Ql'KN(.K  Ai.K.NMKlNr
from  each  of  !VIo<ni'*s  (in  Allan.  1961)  informal
gnnips;  //.  fonuosd  from  Tasmania;  //.  henthamii
from  the  New  Zealand  subantarclic  islands;  //.  bar-

ken  ̂//.  chalhamii  (L  an<l  //.  (liejfenbachii  from  the
Chatham  Islands  (east  of  the  main  islands  ol  New

The  secjiKMice  alignment  U)i  die  ITS-region  was
facilitaltnl  by  ClustalX  (Thompson  et  ah,  1997).  A
gaj)  penalty  setting  of  7.S  and  a  gap  extension  pen-

alty of  6.6  were  initially  usetl  to  identify  and  po-
Z<'aland);  accessions  of//,  elliptica  from  both  New       ^'«i*»"  ^^^''&'  g^'P  ̂ '"  *''^'  sequet»ce  data:  then  low-
Zealand  and  the   Falkland   Islands;  and   H.  sdlici-
folia  from  both  New  Zealand  ami  Cliih  ̂ Psi

if^

scoruip  segments  were  realigned  using  a  ga[^
penalty  setting  of  15  and  a  gap  extension  |)enalty
of  6.6  with  the  removing  new   gaps  optii)n  turned

(Miicrged  as  potential  sister  groups  of  the  hebes  in  on.  These  settings  opened  and  positioned  small
the  analysis  of  Hong  (19{>1)  and  Albach  and  (^hase  gaps.  The  final  aligmncnt  was  inspected  and  minor
(2(101);  therefore  a  total  of  19  species  rejiresenting       revisions  were  mad(*  manually.
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DATA   WAI/lSIS 1,   and   one   of  the   maximum   parsimony   trees   is

The   phylogeiietic   analyses   were   ai-eomplished
using  PAUF*  version  4.0d65  (SwoCford,  1W8).  Tlie       ^^^.j^^.j,^  ̂ Dcnccniia,  ^Hebe,  Heliofwhe,' Parahrhe,  anc

diown  in  Figure  2.  Most  members  of  the  Antirrhin-
aceae  form  a  basal  grade  in  our  analysis  witli  Cluo-

analyses  were  conducted  using  the  PAUP'^'  settings
random  addition  sequence  with  100  re{ilicates,
TBK  branch  swapping,  mulj)ars  in  cITect,  and
steepest  descent.  The  characters  were  all  unordered
and   weighted   equally,  and   gaps  were   treated   as

Veronica  f(»rming  a  clade  that  receives  100%  jack-
knife  supj)ort.  V  anagaUis-aquatica  is  sister  to  a
largely  Australasian  clade  (987  ̂ jackknife  supi)ort)
that  includes  the  New  Zealand  hebes  along  with
Deru'cniid,  Veronica  arguta,  and  1;  pcrsica.  Rela-

tionships   within    this    clade    are    poorl)    rcsol\ed
(Fig..  1,2).

The  mean  absolute  distance  and  standard  devi-
mimber  of  synapomorphies  for  each  group.  Jack-  .^^j^^^  ̂ ^^.^^^^  ̂ Veronicastrnm  silnricum  to  llu  ̂ Chionoh-
knife  analysis  investigates  the  structure,  or  phylo-       ^,^^^,  ̂ Dcrwcnlia,  Ilche,  Heliohebe,  Parahche,  and  Vc-

niissing  data.
Support  for  the  inferred  clades  is  given  by  jack-

knife  [)ercenlages  (Farris  et  al..  1996)  and  by  the

genetic  signal,  in  a  matrix  without  juMinutation,  but
excludes  an  assigned  fraction  of  characters,  here

ronica    terminals    is    29.1 7.7    (see    Fig.    2).
Veronicaslrum  is  n^ported  in  the  fossil  record  (Tiff-

set  to  ;?07f .  The  jackknife  searches  were  i>crfonned       ^^^^  ̂ jr^o-  ̂ f^.^^^^  ̂ ,,^  ̂ ^^jj  Miocene  souh  ̂ 15  million
w  ith
sites,  maxtrees  =  10  for  each  replication;  the  start-

1000    replications    excluding    uniuformative      y^;^^  ̂ 1^^,,^^^^.  ̂ present  (mybp).  The  substitution  rate

ing  tn»es  were  obtained  by  random  addition  with
in  the  Veronicastrnm  lineage  was  estimated  l)y  di-

±  0.5  substiluli()ns  forviding29.1  ±  7.7/15  -  1.9
one  re{)lic-ation  for  each  jackknife  replication,  TBR       ^j^  ̂ ^^^-^^^  ̂ ^^^  ̂ ^^^.|  ̂ j^^  ̂ ^^^.^^  ̂ distance  from  the
branch-swap[)ing,  and  nmlpars  In  effect.  terminals  to  the  ancestral  node  of  the  Australasian

The  relati(mship  between  setiuence  divergence
and  time  for  the  gene  rbch  was  (hscussed  by  Albert
et  al.  (1994)  and  Bremer  and  Cnslafsson  (1997)  and
was  calculated  using  the  equation:

species  (including  V.  persica,  which  is  Furasian)  is
1J5.8  changes,  which  corresponds  to  an  upper  Mio-

cene divergence  estimate  of  about  9.9  mybp.  The
mean  distance  from  the  terminals  to  the  ancestral

patristic  .listaMie(l)j))/.u,.nI,er      "'^''  ̂ ''f"  ''i*'  ^'-  ^"^^"M"  1^"^^^  ̂ if  ^.4  dian^es.substitution   rate    —
of  nucleotides/inferred  time  since  clado<i;enesis.

Resiits

which  corresponds  to  a  Pliocene  divergence  esti-
mate of  about  3.9  mybp  (Fig.  2).

The  abgned  ITS  matrix  was  695  nucleotides  in
length  with  gaps  created  to  account  for  insertions

The  rbc\.  sequences  were   1402   tiuclcolides   in       and  deletions,  among  which  364  sites  were  con-
stant,  109  were  parsimony-uninformalive,  and  222
potentially  parsimony-informative.  Missing

were  invariant;  1  44  were  parsim(Miy-uniuformative,  data  accounttnl  for  1,29c  and  gaps  accounted  for
and    155    characters    were    parsimony-informative.      9,b7c  of  the  ITS  data  matrix.  The  5.8S  gene

unifoiinly    165  luicleotides;   lTS-1   varieil   between
Most  of  the  missing  data  fell  in  a  region  at  the  5'       175  and  224  nucleotides  and  ITS-2  between  203

and  215  imcleotides.  Most  of  the  variation  in  the

length  ([)ositions  27-1428  in  tobacco).  Among  the
1402  sil(^s  included  in  the  rbc].  matrix,  1  103  sites       were

\\  a  s
Missitig   data   accounted    for  4.7%    (»l    the   matrix.

end  of  rbch,  upstream  from  the  conserved  EcoRV
restriction    site   used   in   cloiiing   some   setjuences       ITS  region  was  observed  in  lTS-1  and  ITS-2.  The

5.8S  gene  was  more  conserved.  Conse^rved  motifs(Olmstead  et  ah,  1992),  and  in  a  region  downstream
from  position   1325,  the  h)calion  of  a  PCR  primer  identilied  by  Liu  and  Shardl  (1991)  and  Ilershkov-
site  used  to  ampUfy  some  secjucnces.  Most  changes  itz  and  Zimmer  (1996)  were  idenlihcd  in  the  ITS-
(calculatetl    across    the    maximum    |»arsiinony    tree  1  and  lTS-2  sequences  in  our  survey.
shown  in  Fig.  2)  occurred  in  the  ihiid  codon  posi- Thirty-eight    insertions    and    deletions    (indels)
tion  (369);  substantially  fewer  (*hangcs  occurred  in  were  inferred  in  the  ITS-1  and  lTS-2  spacer  regions
the   first   (116)   and   second   (47)   codon   positions.  (Table  2).  Mostl)  these  were  relatively  small,  rang-
Changes  in  the  third  codon  position  are  generally  ing  from  1  to  3  bp,  but  two  large  Iiisertions  of  27
svnonvmous,  and  hejice  are  more  likely  to  evolve  and  44  bp  and  three  deletions  of  7  or  8  bji  were
in   a   clock-like   manner.   also   inferred.   Most   of   the   indels   were   uni(|ue   to   a

The  analysis  of  rbcL  sequences  reco\<T(Ml  9408  single  sample,  but  13  were  shared  by  two  oi  more
maximum  parsimony  trees  (listributt;d  in  a  single  species,   sometimes   uniting   groups   su|)ported    by
island  of  529  steps  (consistency  index  =  0.52  ex-  substitutions  in  the  sequence  data  alone.  Species
eluding   uniuformative  characters,   retiMition  index  of  Denventia  are  characterized  by  a  on<'-base  de-
=  0.73);  a  strict  consensus  tree  is  showti  in  Figure  letion.  Species  o{  lleliohebe  are  characterized  by  a
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Hebe  elliptica
Hebe  benthamii

Hebe  odor  a

Hebe  salicifolia
Hebe  salicomioides

Parahebe  vandewateri

Hebe  macrantha

Hebe  cupressoides

Heliohebe  raoulii

Chionohebe  densifolia
Hebe  cheesemanii

Parahebe  catarractae

Derwentia  nivea

Veronica  arguta

Hebe  formosa

Veronica  catenata

Veronica  persica
Veronica  anagallis -aquatic a

Veronica  officinalis

Digitalis  purpurea

Plantago  lanceolata

Veronicastrum  sibiricum

Callitriche  heterophylla

Hippuris  vulgaris

Chelone  obliqua

Collins  ia  grandiflora

Antirrhinum  majus

Globularia   cordifolia

Gratiola  pilosa

Amphianthus  pusillus

Bacopa  caroliniana

-  Angelonia  pubescens

C/3

N

Nicotiana  tabacum
Ki^uic  1.  SIiIlI  LoiiM'iisus  of  91()fl  niiiiiiiuil  length  tret's  producfMl  In  parsinuiny  analysis  of  r/nl.  sequences.  This

tree  shovN ̂ the  plaeenuMit  of  New  Zealand  hebes  withiji  tlie  Anlirrhinaeeae  sensn  Olriislead  et  al.  (2(H)I),  using  A7rn/mrK7
taluirum  as  an  onlgroup.  Jaekknifo  \alues  >  50%  are  given  ahove  eaeli  node.
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Hebe  elliptica

'  Hebe  salicifolia

Derwentia  nivea

Veronica  arguta

Parahebe   catarractae

Parahebe   vandewateri

Hebe  cupressoides

Hebe  macrantha

Chionohebe   densifolia
Veronica   catenata

Veronica   persica
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mybp

Hebeformosa
Hebe  cheesemanii

Heliohebe   raoulii

Veronica   anagallis  -aquatic  a

Veronica   officinalis

Veronicastrum   sibiricum

Digitalis   purpurea

Plantago   lanceolata

Callitriche   heterophylla

Hippuris   vulgaris

Globularia   cordifolia

Chelone  obliqua

Collinsia   grandiflora

Antirrhinum  majus

Gratiola   pilosa

Amphianthus   pusillus

Bacopa   caroliniana

Angelonia  pubescens

Nicotiana  tabacum
—  5  changes

Figure  2.  One  of  the  maxiniiim  i^arsimony  trees  reeoveretl  from  a  parsimony  analysis  o{  rbch  sequi^ices.  The  braneli
l(Migllis  are  proportional  to  llie  rmniher  of  changes  along  eaeh  branch.  See  scale  at  bottom.  Fossils  ol  Veronuastrum
silnricunt  are  reporte<l  from  the  mid  Miocene  about  IT)  m)bp.  Divergence  estimates  are  provicled  al  the  ancestral  n(>(l(^
of  Australasian  species  (I.'  persica  is  Eurasian)  and  the  ancestral  node  of  the  Hebe  clade.



44 Annals  of  the
Missouri  Botanical  Garden

Tabic  2.      Insertions  ami  deletions  infenvd  (Votn  ITS  setjnetiee  cdiiiparison.

TiiMHl
Veronirastnuu  si  hi  rim  m
Vrmninfstrum  sibirinim,  Wulfrnia

c/in'n  I  b  i ara
Veronica  ghuidulosa
lli'ltr  tvrnicosa

'nmua  c al)  ci ilia
Vvronica  (haniardrys
\ert)/iii-astnim  sihiriatrn
^uljvtiia  carintlnai'a

Pscitdolysimaihion  spicafa,   Irronica
anagallis-aquatica,   \.  Iwllidioides,  V,
glandulosa,  V.  glaiira,  V,  offuinalis,  V.
srrpyllifolia,  V,  urlicifolia

Vrnnu'cft  hellidioidcs,  V.  offuinalis,  V.
urticijoiui

Dementia  deruefitiana,  I),  niira,  D.
perfoliata,  i^inthehe  Uthopliilii,
Veronica  arguta

Veronica  tnacrostacli  \a
Hehe  salicifolia
Vemniea  bellidioides,  1.  glandnlosa,

V  officinalis,  V  nrtieifolia,  Wulfenia
earinthiaca

Veronica  persica
Veronica  chaniaedrys,  \'.  anagallis-

aijuaUca
Psendolysimailiion  spicaia,  Veronica

chaniaedrys ̂ V  macrosiachva.  K■of  I  ens  is
\eronica  nrtieifolia
Ven)nica  anagallis-(t(jnatiea
Pseudtilysiniaehion  spirata,   \eroniea

anagallis-aquafiea.  V  hellidioides,  V.
frntienlosa,  V,  glandnlosa,  V.  glanca,
V  njjieinalis,   V  safnrejoides,  V.
serpyllijolia,  \[  nrtieifolia,
Veronieastrum  sihiricnni,  Wulfenia
earinthiaca

Parahehe  canescens
I  eronica  hellidioides
Wnlfcfua  earinthiaca
IJelioliebe  hnlheana.  //.  laraudiana.  H.

ra<ndii
Veronica  persica
Uehv  elliptica,  II.  elliptica,  Parahehe

hirleyi,   I]   hreristylis,   P.   decora,  P.  lyallii,
P.  spathnlata,  P.  vandewateri

Parahehe  planopetiotata
Parahehe  canescens
Veronica  persica
Ih'liohehe  hulkeana,  11.  laraudiana.  //.

raoulii
Parahehe  landeualerl
\eroniVa  ch aniae(lry>

liisptilon/
(Jelt'tidn
Dt'lflimi
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DcIl'IIoii
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Inscrlion
Delclion
Delt'lion
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Itisoitioii
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Insertion

Deletion
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Insertion

Deletion
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Insertion
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Insertion
I  )eletioii
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Insertion
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Deletion
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Deletion
Deletion
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Deletion

Deletion
Deletion

Si/.ze
1
1

1

1
1
I
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Table  2.      Continued.

Tax  on
Parahebe  canesccns
Veronica  chamaedrys
Pseudolysimachion  spicata
Veronica  chamaedrys,  V,  serpyUifolia
Veronica  austriaca,  V.  olteasis
Veronica  arguta

Insertion/
deletion
Insertion
Deletion
Deletion
Insertion
Insertion
Insertion

Sl/e
3
2
2
1
2
1

Position
615-616
620-621
625-626

631
638-639

640

cat
tc
ac
a

Sequence

one-base  insertion  and  a  one-base  deletion.  Both  first  is  a  clade  that  comprises  Leonohebe  s.  str.  in-
accessions  oi  Hebe  elliptica  and  nine  species  of  eluding  a  well-supp<n'ted  group, //e/>e /e/raA7feAa, //.
Parahebe  have  an  eight-base  deletion  that  appears  cheesemanii,  and  H.  ciliolata  (99%  jaekknife;  6
to  have  evolved  independently  at  least  three  times  synapomorphies)  with  Hebe  cupressoides  weakly
(Table  2).  This  deletion  is  lacking  in  Parahebe  lin-  supported  as  their  sister  (61%  jaekknife;  3  syiia-
ifolia  and  in  P.  catarractae  subsp.  catarractae  and  pomorphies).  The  Chionohebe  A  clade  (98%  jack-
subspecies  martinii.  The  South  American  accession  knife;  5  synapomorphies)  includes  Parahebe  plan-
of  Hebe  salicifolia  has  a  unique  one-base  insertion  opetiolata  and  the  cushion-forming  species  of
that  is  lacking  in  the  accession  of  Hebe  salicifolia  Chionohebe  with  both  the  New  Zealand  and  Aus-
from  New  Zealand. tralian  accessions  of  C,  ciliolata.  The  Chionohebe

The  ITS  sequences  in  our  study  were  evolving  at  B  clade  consists  of  Parahebe  trifida  and  both  the
a  faster  rate  than  r6cL.  The  average  rate  of  c^hange  New  Zealand  and  Australian  accessions  of  Chio-
per  variable  site  for  rbch  was  1.7  (tree  length  of  nohebe  clensifolia  (91%  jaekknife;  4  synapomor-
532/number  of  variable  sites  144  +  155).  The  phies).  The  fourth  clade  includes  6  species  of  Par-
aligned  ITS  sequences  were  shorter  than  rbcL,  ahebe  (93%  jaekknife;  7  synapomorphies)  and
there  were  more  variable  sites  (331),  and  the  av-  accommodates  the  informal  "Groups  A  &  C"  of
erage  rate  of  change  per  variable  site  was  3.6  fur  Ashwin  (in  Allan,  1961;  Table  1)  and  P.  spathulala.
the  ITS  region. The  fifth  clade  includes  all  the  species  of  Heliohebe

Parsimony  analysis  of  the  ITS-region  recovered  in  our  analysis  (100%  jaekknife;  13  synapomor-
6931  maximum  parsimony  trees  distributed  in  at  phies).  The  sixth  includes  the  remaining  species  of
least  two  islands  of  1213  steps  (consistency  index  Hebe  with  l)oth  New  Zealand  and  South  American
—  0.41  excluding  uninformative  characters,  reten-

tion index  —  0.73);  a  strict  consensus  tree  is  shown
accessions   of  Hebe  salicifolia   and   Hebe  elliplica
(100%  jaekknife;   11   synapomor{)hies).   Hebe  ma-

in  Figure  3  and  one  of  the  maximum  parsimony      crantha  is  weakly  supported  as  the  sister  to  the  rest
trees  in  Figure  4.  Based  upon  the  results  from  anal-       of  this  clade   (50%  jaekknife;  4  synapomorphies)
ysis  of  rbcL  sequences  (Figs.  1,  2),  Veronicastrum       (Figs.  3,  4).
sibiricum  was  designated  as  the  outgroup.  The  ear-

liest divergence  within  the  ingrouj)  is  between  Wid-       DISCUSSION
fenia  earinthiaca  and  all  other  taxa.   fhe  Northern
Hemisphere  species  of  Verornca  are  found  in  hve Large,  unwieldy  genera  with  a  cosmopolitan  dis-

clades that  form  a  grade  basal  to  a  Southern  Hemi-  tribution  such  as  Veronica  pose  among  the  most  dil-
sphere  clade  comprising  the  New  Zealand  hebes  ficult  taxonomic  problems  for  plant  systematisls,
and    th(Mr    relatives.    A    heterogeneous    Australian

f<
whose  opinions  are  often  strongly  held.  One  of  the
most  vexing  of  these  problems  is  the  inconsistent

ahebe  lithophila,   Veronica  arguta.  and  V  calycina  means  by  whic:h  taxonomists  defme  generic  bound-
(82%  jaekknife;  18  synapomorphies)  is  sister  to  the  aries  and  die  recognition  of  rank  within  a  hierar-
New  Zealand  hebes,  though  there  is  relatively  little  chical    classification    scheme.    Recent    taxonomic
support   for  this   relationship   (70%  jaekknife;   10  treatments   in  the  Southern  Hemisphere  have  fa-
synapomorphies)  (Figs.  3,  4). vored    narrow    circumscri{)tions,   and    several    tiew

Six  well-supported  clades  are  identified  among       genera  have  been  segregated  from  Veronica  {see  Ta-
the    New    Zealand    hebes,    but    the    relationships       ble  1),  whereas  taxonomists  in  Europe  and  North

these  clades  are  unclear  (Figs.  3,  4).  The       America  have  traditionally  embraced  a  broad  ge-amon
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fh'hi'  corrhimiiHche  salic  ijoliaUcbe  salu  ijoimHt'hc  parvijloraW'b<'  speciosa
Hi'bi'  piniL'U't)i(It'xHi'hi'  lownsontiHt'hc  odora
Hcht'  pHi' he  e iiuiinvtufsa'epacridea

Hebe  ellipficabiiihii

Hi'he  rgftuf.fissimaHebe  cHebe  ^n.^/nHebi'  dieffentii'ht'  ( fuithaHebe  co(  kiixneanaHebe  barkeriebe  saliconui)idesebe  artnuhitaebe  annsinmiiiiliebe  vemifositHebe  propmqitqHebe  necfoni  ^
tlehe  hcopodiqidesHebe  necfoni  -'
Hebe  benlluffniiHebe  pefneiHebe  macninlbaHebe  mac  ram  hit
Helijfhebe  bulkeanuHeliphebe  iavamiianaHeitohebe  raaulii
Varahebe  spaliiidaiaPiirahebe  spatbidiitaParahebe  hookeriimaVcinihehe  caiaiructae  ^Pafahebe  de{ oraParahebe  hallii  .Parahebe  catarractae  'Parahebe  cafiescoisParahebe  ItnijoliaParahebe  brevisfylisParahebe  vandeVvaferi]*arahebe  i  heesemanii
CJupnohehe  densijoiiaC 'hianohebe  den\ifi>{iaJ\uahebe  trifidaPartihebe  birlc\i
Chipnohebe  thonusc/niiChi/mohebe  pulvinarisChionohebe  rUiolataChionohehe  ciliolaiaParahebe  planopetiolafaHebe  tetra.slirhuHebe  ciliohita

man  aso  idesvufaVeronica  cdtycinaDenveniia  denvcnlia/ia
enxenlia  petfi>liala\n\entia  nivea
\irahebe  lilhophilaHebe  forwosaVeronica  austriaca

Verotiisa  mac  ro^siai  hyaveronna  tdlensis

Hebe  (  heesenHebe  cupressVeronica  am

Hebe

Heliohebe

Parahebe

Chionohebe   B

Chionohebe   A

Leonohebe

/X'enmica  persuaVer(mica  chwnaedn.s'Veronica  frutiiuiosiiVeronica  safurejoidesI  \\eudoly\imacnion  \pii  alaVenmii'a  vfainaVeronica  neUidioides
Veron  ica  ofju  ipalisVerrfnic  a  articifojiaVeron  ica  ^lanaulosaVenmica  ivtaiiallis  (iKiuatiXertmica  \erp\lliJoltaWiJjenia  carihrhiacaVenmicastrum  sibiru  urn

Fipiin-  W.  SiricI  roiisLiisus  of  6931  iiiiiumal  U'liglli  {vvvs  pnKliic«'<l  1)\  [>arsinionv  aruilvsis  of  llie  entirr  ITS-region.
Notable  cladi's  are  uk'ntifu'd  with  hrackcls.  Jackkiiifc  \alues  >  SO'/r  are  given  ahove  eaeli  node.  ^Pnrnhcln'  catar-
racfdc  suhs[>.  nxirlinii.  '-Pardhrhc  rofarrarfae  suhsp.  catarractae,  'Hchc  hcctorii  sul)sp,  suhsiniilis,  ^llcbe  licctoru
siil>^p.  hrct(>rii.

( a

ncric  defmilioti  of  Icronira,  e.p.,  W'ctblein  (1891).  well  as  llie  Eurasiiui  genera  Paedcrotd  and  Pseu-
Tliis   (liserepaiiey   of  opinion   eonlrihules   lo   laxo-  dolysimarhinn,    and   the   North   American   genera
notnie   ar]i!)iguity   and   inslahility.   Synlliyris   and   Bcsseya.   One   [)ossil)le   soluli(»n   \^   [o

Our  results  support  those  of  Alhaeli  and  Chase  lump  them  all  in  a  broad  eii-eumseription  of  Ve-
(2001),  implying  that  llie  genus  Vrronica  is  at  l)(^st  ronira.  This  move,  liowever,  would  er(vite  a  eas-
paraph)letie  h)   exclusion  of  the  Southern  Ilemi-       cade  of  nomeuc  latural  (dian ll

ognition     or     manyf
g(*s  requn-nig  ine  rec-

n(^w  ̂    combinations    and     thesphere  genera  Ch'n)tiohch(\   Dementia,   flehe  ̂  Ile-
linhehe,  fj'onohehe,  and  Ptuiihehe  (Figs.   1,  3).  as       ado[)tion  of  old  combinations  within  Vemniau  We
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Denveniia  denxentimtaDenventia  perfoliataDerwentia  niyeaParahebe  lilhophilaHebe  ionnosaI —   yeronlca  ausfriacaJ     I —  Veronu  a  nuicnhsiachyaI —    Veronica  oltensis

Chile

Falkland
Islands
Chatham
Islands

Subantarctic
Islands

New   Guinea
Australia

Australia

1/2

0^

-2

SI

Australia

Veronii  a  persicVeronica  cham*r  Veronica  fruli  (id  OS  a'^   Veronica  salureioidesaolysinuiclnon  spu  ata

amaedrys
cjoia^'Pseu
Verpnici\  glaucaVeronica  heujcuoiaesVeronic  a  officinalisVercniica  urlicifohaVeronica  glandulosa

{
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5  changes
Figure  4.  One  of  the  maximum  parsimony  trees  reeovered  from  a  parsimony  analysis  of  the  ITS-region.  Tlie  New

Zealand  hebes  eom{)rise  a  well-supported  monophyletie  group  with  outliers  on  the  offshore  islands  and  in  Australia.
New  Guinea,  and  South  Ameriea.  Dispersal  away  from  the  main  islands  of  New  ̂ Zealand  is  inferred  in  nine  spceies.
Rraneh  lengths  are  [iroportional  to  the  number  of  changes  along  each  ])ranch.  See  sealc  at  bottom.  ^Parahebe  catarracUw
subsp.  martind,  -Parahebe  catarraclae  subsp.  calarraciae,  '''Hebe  hectorii  subsp.  subsimilis,  ^Hebe  hectorii  subsp.  heclorii.

accept  that  retaining  a  paraphyletic   Veronica  ob-       secjiiences  and  describe  patterns  of  diversiliealiun
scures  phylogenetic  rclati(nisliips;  however,  an  al-       in  the  New  Zealand  hebes.
lernative  aj)[)n)ach  is  to  recognize  smaller,  less  in-

clusive clades  as  generic  segregates  of  Veronica.
This  approacli  was  ado|)tcd  by  Hong  (1984).  Here

MAJOM   CLADES  OF  NKW  /KALANl)  IIKRES
A  lieterogeneous  clade  composed  of  Denicnlia,

we  identify  major  clades  supported  by  the  DNA       Hehe  forwosa,  Parahebe  lithophila,  Veronica  arguta.
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Ki^iirc  rt.      IMalt'  illiisli;itiii  ̂ soiiu'  of  llir  ni(>rj)!i()l()f!;ic;il  divcrsily  in  \\iv  f\ew  Zealand  lu'lics.  — A.  Klowfiiiif  ̂ slu)t>l
15.  Flowers  i){  Punihebe  aitdrrmtdc.  — C.  PaiiJL-u(  Ihrucntia  pcrjifliala  \\\{\\  lootlu'tl  leaves  olxseure  In  llns  |iitUne.  —

niale  ami  lerininal  itillorrscciice  iAiicliohrhr  nioulii  siihsp.  macaisliUlii,  I*.  J.  (Un  nock- Jones  21 2-i,  — 1).  Cushion  hahil
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mania  and  west  to  Kangaroo  Island  in  South  Aus-

and  V.  calycina  is  sister  to  the  New  Zealand  hebes  Hclx?,  but  here,  as  in  previous  analyses  (Wagstaff  &
(Figs.  3,  4).  The  genus  Derwentia  ineludes  nine  Garnock-Jones,  1998,  2000),  are  far  removed  from
currently  accepted  species  that  are  endemic  to  the  other  species  that  Moore  (in  Allan,  1961)  in-
Australia,  from  southeastern  Queensland  to  Tas-  eluded  in  that  genus.  Hebe  ciipressoides  and  mem-

bers of  the  [jeonohebe  clade  lack  the  dorsal  capsule
tralia,  where  they  are  found  mostly  in  tableland  or  compression  typically  found  in  members  of  llehe,
cool  tem[)erate  regions  (Hriggs  &  Ehrendorfer,  and  a  potential  synapomor[)hy  for  the  group  Is  pos-
1992).  Toothed  leaves  [only  on  the  lower  branches  session  of  a  distinctive  cupressoid  growth  habit,
of  //.  formosa  and  often  obscure  in  D,  perfoluita  which  has  apparently  evolved  independently  from
(Fig.  5A)],  and  a  dense  ring  of  hairs  in  the  corolla  that  in  the  whipcord  hebes  [e.g.,  H.  annulata,  11.
throat  (glabrous  in //./ormoAYx)  are  possible  synap-  annstrongii,  //.  hectorii,  H.  lycopodioides,  U,  pro-
omorphies  that  unite  the  clade.  Derwentia  and  Hebe  plnqua,  and  //.  saliconiioides,  which  have  a  similar
formosa  also  have  similar  growth  forms;  their  new  growth  form  (Figs.  5T-W)].  Hebe  cheesemanii,  11.
shoots  are  initiated  at  the  base  of  the  plant,  over-  ciliolata,  and  //.  tetrasticha,  along  with  //.  lunilda,
topping  older,  short-lived  branches.  Hebe  formosa  comprise  the  informal  group  "Semiflagrifortnes"  <»f
is  distinguished  from  Derwentia  by  the  occurrence  Moore  (in  Allan,  1961).  These  similar  species  are
of  a  one-base  insertion  (Table  2).  The  chromosome  subshrubs  that  occur  in  rocky  areas  at  high  altitude
number  of  Hebe  formosa  is  n  =  21,  this  possibly  and  are  characterized  by  possession  of  lateral  in-
being  the  ancestral  state  within  the  Derwentia  florescences  (Fig.  5K),  dioecious  breeding  system,
clade;  chromosome  numbers  of  n  =  19  or  20  are  and  sour-scented  flowers.  We  refer  to  this  group  as
published   for   Derwentia    (Briggs    &    Ehrendorfer,  the  Leonohebe  clade,  because  Leonohebe  ciliolata
1992). (//.  ciliolata)  was  designated  as  the  nomenclatural

We  identify  six  major  clades  within  the  Ntnv  Zca-  ty[)e  for  that  genus  by  Heads  (1987).  ]{  [he  group,
land  hebes  that  are  supported  by  the  sequence  including  H.  ciipressoides,  is  treated  as  gcncrically
data,  whic-h  we  refer  to  as  the  Leonohebe  clade,  the  distinct  from  Hebe  (and  other  genera  of  the  Hebe
Chionohebe  A  clade,  the  Chionohebe  B  clade,  the  comfjlex;  see  Garnock-Jones,  1993a),  then  the  use
Parahebe  clade,  the  Heliohebe  clade,  and  the  Hebe
clade  (Fig.  3).  ITS  sequences  providt  ̂ strong  sup-

port for  the  Ijeonohebe  clade  (Figs.  3,  4),  comprising  the  clearly  polyphyletic  circumscription  originally
Hebe  cheesemanii  (Fig.  5K),  H.  ciliolata  (Fig.  .SJ),  employed  by  Heads  (1987).

of  the   name  Leonohebe  seems   warranted,   thougli
this  is  a  much  more  restricted  use  of  the  name  ihan

and  //.   tetrastieha,   Hebe  cupressoides  (Fig.  5E)  is The  Chionohebe  A  clade  encompasses  the  cushion-
weakly  supf)orted  as  sister  to  this  cdade.  These  spe-  forming  species  of  Chionohebe,  All  of  these  species
cies  are  endemic  to  the  South  Island  of  New  Zea-  occur  in  the  South  Island  where  they  are  high-alpine
land.    They    have    traditionally    been    included    in       plants  of  rock  and  scree.  The  cushion-fonning  s{)ecies

of  Chlonoliehe  thomsonii,  male  plant.  Eyre  Mis.,  Sinilh  Ishuuh  P.  J.  Caruock-Jones  1906.  — E.  Lateral  view  of
erecl  luhular  flower  of  Chionohebe  puliinaris,  from  lakilimu  Kaiige,  South  Ishirid.  F,  G.  flel}e  macranlha  van
brnchyphyUa.  — F.  Hahil  of  a  plant  ca.  15  cm  tail  from  same  population  as  M.  J.  Bayly  560,  Mt.  Arthur,  South
Island.  — C  Apex  of  vrgelalive  shoot  from  Mt.  Arthur,  WFIT  82554.  11,  L  f/che  epacridea.  — H.  Hahit  of  a  plant
ca.  10  rm  tail,  same  population  as  M,  J.  Bayly  795,  Mt.  St.  Patrick,  South  tsiaud.  — 1.  Branchlet  of  pkuit  from  unknown
locality.  — J.  Hebe  ciliolata,  branchlet  showing  ciliolatc  leaf  margins,  plant  from  Ml.  Arthur,  WFIT  H2556.  — K.  Hebe
cheesemanii,  male  plant,  from  same  population  as  M.  ./.  Bayly  756-757,  Rlack  Birch  Ra.,  South  Island.  — L.  Hebe
cupressoides,  branchlet,  cultivated  Atawhai,  Nelson,  South  Island,  WFIT  8255.'^.  M.  N.  Hebe  parviflora.  — M.  Hal)it  of  a
plant  ca.  2.5  m  tall  from  same  po[)ulalion  as  P.  J.  Qirnock-Joiies  2258,  Hauhangaroa  11a.,  North  Island.  — N.  Inflorescence,
P.  J.  Garnock-Jones  2257.  (),  P.  Hebe  albicans.  — 0.  Shoot  apex  showing  young  lateral  inflorescences  and  large  apical
vegetative  bud,  from  Mt.  Arthur,  South  Islaufl,  W  FFT  (82555.  — P.  Shoot  of  plant  from  Ccthh  Valley,  South  Island,  M.
J,  Bayly  S-3L  — Q.  Hebe  pauciramosa,  shoot  of  plan!  from  Ml.  Brewster,  Soulh  Island.  1/.  ./.  Bayly  1478.  — R.  Hebe
speciosa,  shoot  from  a  plant  cultivated  at  Otari-Wiltons  Bush,  Wellington,  originally  from  Maunganui  Bluff,  North  Island.
— S.  Hebe  salicifoiia,  shoot  of  plant  from  Upper  Wairau  Valley,  Soulh  Island,  M.  ./.  Bayly  S-70.  T-V.  Hebe  lycopodioides
subsp.  lycopodioides.  — T.  Hahit  of  plant  from  same  population  as  M.  J.  Bayly  1512,  Ml.  Mimrod,  South  Island.  — U.
Apical  portion  of  vegetative  hranchlel,  cultivated  in  Landcare  Research  Gardens,  Lincoln,  originally  from  Fish  Lake,
Tarndale,  Soulh  Island,  WFLT  8255L  — V.  Terminal  inflorescence  of  a  plani  from  same  population  as  M.  J.  Bayly
771-773,  Lake  Tennyson,  South  Island.  — W.  Branclilets  of  Hebe  annstrongii  showing  terminal  infructescences,  culti-

vated in  Landcare  Research  Gardens,  Lincoln,  originally  from  Nigger  Stn^am,  (>ant(^rhury,  Soulh  Island,  WFLT  82552.
— X.  Small,  light  seeds  of  Hebe  elliplica  (typical  of  those  of  most  Hebe),  cultivated,  Otari-Wiltons  Bush.  Wellington,
North  Island.  Scale  Bars:  A,  B,  =   1  cm;  C,  G,  I,  L,  N  -  5  mm:  F,  V,  W  =  2  mm:  J.  K,  U,  X  =  1  nun;  0,  P,  Q,  R,  S

2 cm.
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of  (Jtionohcbe  ((\g,.  Fig.  SI))  are  unitt^l  by  several  "Ooup  C,"  has  939  ̂ jackknife  su])porl.  The  infor-
!syiKi|)<H!H>ij)hies.  iiK'liHliiig  lushioii  hahil  wilh  iIk*  de-  inal  ^^Paraliche  Groups  A  and  C"  shan  ̂ several  (lo-
eussale  leaf  pairs  slightly  offsel  lo  fonti  a  pseudo-  ral  aponiorpliies  (Carnoek-Jones,  IW.'5a).  Parahche
s[»iral  (Heads,  I*)*)  Ih),  ihick-walled  brislie-iike  cglan-  breiishlis  and  P.  linifolia  (fiom  Ashwin's  "Croup
dular  hairs,  solilary  flowers  with  erect  long  eon)lla  B")  form  a  weakly  suppcMted  small  clade,  whieh  is
lubes  (e.g..  Fig.  5E),  and  eorolla  veins  branching  (lis-  sister  lo  the  "Croup  A  and  C"  species.  The  clade
tally  in  llu-  lube  (Cam(Kk-Jniit;s,  lW3a).  The  (^liio-  is  reprH\s<Miled  in  both  the  North  arrd  South  Islands
nohrhe  A  cladt  ̂ is  sish'i-  lo  Panihchc pldnopcliolafa,  of  N(nv  Ztvilarrd,  where  speci<^s  occur'  in  well-
one  of  die  s[)ecies  of  l\u(ihehc  "Group  W  (»i  Ash-  drained  soils  associated  with  river  banks,  cliffs,  and
win  (in  Allan.  1961).  Wilh  Pttrdlwlw  plditoju'tiohitd  screes.  Pdnihchr  ((inescerLs  is  a  ci'ceping  dirnirrutive
they  share  a  five-lobcil  cor'olla  and  hygroc-hastic  herb  of  South  Island  lake  shor-es;  its  i-educed  fea-
capsnle  dehiscence,  but   the  species  In   the  Cliio-  lures  match  convergenl  siniilarilies  st*en   irr  other
nohrhr  li  clade  also  have  these  fealur*es. plants  associated  w  ilh  this  habitat.  The  entire  clade

orcd  ueclar  guides  (Fig.  SB),  and  stanu^i  filaments

The  CJiiotiohcbe  R  clade  Irrcludt^s  C.   deiLslfolia  except  lt)r  P.  hrcrisiylLs  and  /'.  sputluiUtta  is  united
(Auslralian    arrd    New   Z(*alarrd   populations),   [)lus  by  flor'al  fcalur'es  such  as  short  corolla  lirbes,  c(»l-
Parnhehc    IriJ'uld    fr(»rn    the    informal    Paralicbc
"Group  ir'  ol  Aslrwin  (in   Mian.  1961)  (Figs.  ,3,  4).  narrdwed  al   \\\v  base.  Irr  th(  ̂ case  <»f  P.  brevistylis,
Pdrdhcbc  birleyi  is  not  included  in  ihis  clade  in  all  the  differences  can  be  exj^lained  as  losses  of  aib
trees,  and  in  ihe  consensus  tree  forms  a  pol\lorrrv  aptatlons    for"    insect    pollination    (Cairrock-Jones,
wilh  it  and  severed  ollx'rclades  in  th*M*omple\.  The  19761)).  Pardhrbe  spdthiildfd  shar'cs  some  featur^es
s[)(Hies  of  the  Ch'muohcbc  W  clade  arv  all  al|)irrc  of  habit  and  fhtwcr  morphology  with  P,  checscmdnii
plants  fourrd   in   the  southi'rri   I'cglon  of  the  South  arrd   nright   have  an   allo])olv[)loid   origin   involvirrg
Islarrd.   Pdnibcbc  trijidd   occurs   in   alpine   (lushes  species  fr'om  iIk  ̂ Pardficbc  claile  and  the  P,  chcc-
and  sn<»wl)arrks,  P.   birleyi  is  a  plairl  of  nl\al  rock
l(Mlg(*s,   arrd   C,   dcnsijolia   is   found   in  a   range  of
stony  alpine  Irabilals.  (^hionolicbc  densiJoPia  is  also
fourrd  in  the  Kosclusco  Natiorral  Par^k  in  Arrstralia.  classification  of  Moore  (in  Allan,   1961),  arrd  later
(Jiionohrbc  drnsijolid,  P,  trijidd,  and  P.  birleyi  are  segregated  as  a  distinct  genus  b)    Carriock-Jones
all  similar  in  ap[)eararrce.  Several  of  their  shar-e<l  (1993b)  (Table  1).  It  was  also  pi-evIoirsly  recogrrl/t^d
chaiacteis  aro  likely  to  be  synapomorphies,  irrchrd-  as  a  distinct  group  in  the  k*  ̂ of  (^hccseman  (1925).

lieliohebe   Includes  five  species  that   arc  f(»und  in
purph  ̂  arrlhers.    and    pres

senidnii  lineage.
TIrt*  lieliohebe  clade   (figs.  3,  4)  was  fornu^ly

recoiiui/cd  as  llebe  "Paniculatae'*  iir  th<  ̂ Inforrnal

irrg  few-flowiu"cd  iir(lor(^sccnces,  lar ge  flowers  wiru
rce    of   loirg    glarrdidar*       norilu'asler'rr  parts  of  the  South  Islarrd  on  rock  oul-

haii's  on  leaves.  Other  shared  character's  are  also
>lraiiHl  with  th<*  Chiofudielte  A  (dade,  irrchrdirrg  old
lea\'es  withering  arrd  fadirrg  but  rt»taiired  orr  stenrs.
All   three  species  of  the   Chionohebe   15  clade  are

crops,  cliffs,  and  sometimes  in  grassland.  Morro-
|)h\l)  is  well  supported  by  two  rmlijrre  Indels  arrd
several  possible  mor'j)hological  apomorphI(\s  in-
clndirrg  an   Indoresccnce  (hat   is  a   tctririual.  com-

ihorrght  lo  f(U'm  hybrids  whh  cushlon-forrrrlrrg  sp*^-  porrrrd   r'ac**me  or  spike  (Fig.  5C),  prologyny  (also
<'i(*s  ol  (^hionohebe  A  clad(  ̂ (Wagstaff  cK  (ianiock-  evident  in  Fig.  5C,  where  styles  ar<' protiirdlrrg  fr-om
Jones,  2000).   41iere   is    little   (nideircc   from   moi-  buds   <Mr    the   lowest    infloroscence   biarrches),   sla-
phology  lo  se[)arate  the  (Jiiondhebe  A  arrd  H  clades.  nrcns  creel,  arrtlrers  crearrr  or  yellow,  seeds  fnsiforrrr
(iarnock-Jones  (1993a),  (r'om  a  cladistic  analysis  of  to  irr*egular  in  shape  and  wingtnl,  arrd  htMuIti-opous
nrorphological  and  flaxoirold  data,  proposed  a  more  ovrrles  (Carriock-Jorres.  1993b).
inchrsive  "C/r/ono//c/>e"  clade  incoqK)r'ating  all  the The  Hebi'  clade  corresponds  to  Hebe  s(M1su  Moon
species  of  Chlonohebe  and  Parafiebe  "(]roup  B"  of  (in  Ailarr,  1961)  with  the  exclusion  i}\ lieliohebe  dw^
Aslrwin  (Itr  Allan,  1961).  Such  a  grouping  appi-ars  members  of  the  Ix'onohebe  clade.  The  majority  of
paraphylelic  at  best  in  this  and  earlier'  ITS  studies       species  withirr  the  Ilebe  clade  form  a  vvell-su|>port-
(Wagstalf  &  Carnoc-k-Jorrcs,  2000). ed  group  (lOO^f  jackknife  value),  with  weaker'  suj)-

Tlu*  Parahebe  clade   inchi<les  all   the   repr'(»sen-  port  for  llebe  nideriuithd  (Fig.  5F,  (f)  and  //.  petriei
latlves  of  the  infonnal  Ptirohebe  "Group  A"  oi  Ash-  as  sisters  to  this  giou[)  (f  igs.  3.  1).  'fhe  Hebe  clade
win  (In  Allan.   1961)  plu>  P  spalhuhUd.  Parahebe  is  largely  errderrric  to  New  Zealarrd,  inclu<lirrg  rirany
spdtluddtd  is  arritmalous  in  this  (da(l(%  which  olh-  of  its  surrounding  islairds,   wilh   two  species  also
erwise    has    mor-phologlcal    support    froirr    irr(l(»r<'s-  extendirrg  to  South   Anrerica,  and  (tire  species  (//.
e<'n<*(\   floral,   and    flaxonold   i-haraclers   ((raiuock-  rapensis,  rrol  inchrded  in  (his  analysis)  endemic  to
Jones,    1993a).    A   sister-  r-elationshi[)  between  this  Rapa  Islarrd  (Fig.  6).  The  clade  Is  large  and  nror-
clade  arr<l  P  cdnescens,  \\\v  sole  species  of  Ashwirr's  ph(»logIcall\    diverse;    urramblguous    irrorphological
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Kii^iirc  6.      Maj)  sliovving  posluIatiMJ  <lis[)ersal  (if  lirlics  (Voiii  tlie  nuiin  islands  of  New  Zcalaiwl.

syiuipomorpliirs  art  ̂ difficull  lo  identify,  willi  ah-  the  ihini  (^lialliain  Island  endeniic,  H.  harkcri  Ix'-
sences  or  reversals  in  some  taxa.  Wagstaff  and  (iar-  ing  placed  in  a  large  polytoniy  that  inehides  this
nock-Jones  (lOOf?)  suggest  that  synaponiorpln<'s  grouping.  Hebe  mdcranlha,  placed  with  weak  jack-
may  include:  a  shiuhhy  or  arhorescent  hahil  (e.g..  knife  support  at  the  hase  o(  the  Hebe  clade,  lacks
Fig.  5M.  K.  S).  large  leaf  hud  (e.g..  Fig.  50),  entire  manv  of  llie  previously  mentioned  synapomorphies
h^af  itun-gins.  protandnuis  flowers,  [)el(ate  {)lacentas,  foj-  ih  ̂ group.  This  sp(H'ies  has  long  held  an  isolated
acute  capsule  apices,  3/5  or  5/H  inflorescence  phyl-  ^,^-  amhignous  position,  being  placed  L>  Moore  (in
lotaxis.  W  ithin  die  Hebe  clade  there  is  little  reso-

lution, hut  several  r<dationshij)s  are  worthy  of  nole.
First!),  the  "Comialae"  of  Moore  [in  Allan,  1061,
represented  hy  //.  be/ilhamli  IL  pelriei,  //.  ejHieri-
(Icd,  (Fig.  5H,  1)  and  //.  niniosisslrnd]  are  p(^>l>phy-  .1
lelic,  with  siune  rtiemhers  clos(^Iy  related  to  "Uux-
ilohateae"  (//.  iuUmi  and  Ji,  juiueiramosd),  Tliese
relationships  were  fust  suggested  hy  Wagstaif  and
Carnock-Jones  (199o).  and  the  addition  of  fuilher
ta\a  in  tliis  stud)  continues  lo  sup|)ort  this  earher
assessment.  Secondly,  as  found  hy  Wagstaff  and
Wardle  (1999),  three  of  the  cu[)ressoid  species.  //.
Sdllcornioidrs,  II.  (innstrongii  (Fig.  5W),  arid  H.  ni}-

Allan,  19()1)  in  its  own  grouping,  Hebe  "(iranihflo-
rae,''  and  was  includct!  in  Pardhebe  hy  I  leads
(1987,  19911)).  For  the  present  we  suggest  its  r-(*-
lention  in  Ilebe,  whieii  still  lea\es  tlu  ̂ genus,  with

xclusion  ol  lleliohebc  (Garnock-Jones,  lOOJ^h)
and  the  lA'onoliebe  clade,  monophylelic  (see  Table

le  e

lAXA  Ot  ̂ r\Ci:i{T\lN   AlinMTlKS

Many   of  \hc   genera   and   subgeneric   groupings
historically  recognized  in  the  Hebe  complex  (<\g..

nubild   (which   share   possession   of  fused   anterior  Ueliobebe.  cushion-forming  species  of  a//V>//oAc/>c,
cab'x  lobes  and  chromosome  munher  of  //    -   21),  and  som*  ̂ Hebe  groups)  are  shown  to  be  monophy-
form   a   well-supporled   clade.    riiirdly,   two  of  the  letic  in  diis  study.  SignincanI  exceptions  are  Par-
Chalham  Island  endemics.  //.  clid/bdmicd  and  //.  (ihebe  ^'Crouj)  13"  (of  Ashwin  in  Allan,  1961)  and
(lleffenbdehii,   are  sister  species  (Figs.  3,  4),  with  species  groups  within  Hebe  [e.g.,  sects,  flebe.  Sub-
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(ILstlchae,   CAducnc,   and   llu'   inrnrmal  yrouji  ''Con-       gnuij),  ulu^ieas  otli(*rs  (<'.g.,  Ravi^n,  197.'i;  Carnock-
natao''  of  Moorr  (in  Allan,  1961)]  (sec  Tahlt-  1).  Jones,    199;}a;   WagslalT  &.   (/arnoek-Joiies,   1998)

The  sjM'eies  of  Pardlirltc  "Croiip  H"  ate  widt^ly  have  suggested  the  group  has  arrived  more  recently
sealtt^red,  forming  a  grade  among  the  Ntnv  Z(\iland  in  the  Soulhi^ni  Hemisphere  anil  that  dispersal  has
hcl)es,  and  lew  sliow  an\  close  rt*lali<mshi|)  to  other  plavtMl  an  Imj)orlant  rolr  in  shaping  its  distrihntion.
mcmhers  within  their  informal  group.  Previous  an-  Tin*  data  presented  here  l(*nd  su[)port  to  th<'  latliT
thors    (Ashvvin    in    Allan,     1961;    (ku"nock-Jon(\s,  proposition.

A  primary  coiitrihution  of  |Ih»  present  work  is  its
*'{;rou|)  15"  species  (*\hil>it  considerahle  morpholog-       assessment  of  relalioiiships  betueen  Vcrojiica  and

Australasian   members  of  the   llchc  romplex.   Al-
though   a    close    relationship    between    these    two

1976l>,     1993a)     have    suggested     the    ParalicJie

ical    similarity,    but    now    it    seems    this    similaril\
might    derive frotn  p lesiomornnie   c1hi haracter  states
(relative  to  the  Ilchc-lh'lii)hchc  clade),  from  c(»n-       grou|)s  has  long  been  assumed  on   morphological

grounds  ((\g.,  Wetlstein,   1J59I;  Cheeseman,   1925;vergent  evolution  of  floral  featuies  associat<'d  with
self-pollination   (CariKX'k-Jones,   1976b),  and  per-  RavtMi,  197:5),  some  authors  (e.g..  Hong,  1984)  have
haps  from  reticulate  cvolulion  in  P.  spalhuhila  (dis-  diivctly  oppos<'d  tht  ̂ notion  that  Australasian  ta\a
cussed    abovf^.    Carnock-Jones   (1993a)   suggested  are  derived  directly  from  within  Icro/uVa.  Our  anal-
tlial   Piirahchc  "(iroup  W"  and  Chionohrbc  should  ysis  of  r/jcl,  clearly  supports  a  close  relationship  of
hv  U!Ute<I,  but  this  view  receives  no  support  from  Venmha  to  the  Australasian  gt^nera,  with  the  strict
llie  ITS  analyses  (Wagstalfc'  ̂ Carnock-Jones,  2000,  ,(„,sensus  including  a  well-sui)port*Hl  (1007r  jack-
and  herein).  WagstalTand  Carnock-Jones  (2000)  in-  knife)  llebc-Vcronica  clade  (Fig.  3).  Analysis  of  ITS
Irrred  that  the  ancostors  of  Paralwhe  and  Chtmioh-  sciiueuces  shows  the  Australasian  memliers  to  form
cbc  initially  evolved   in  a  montant  ̂ or  al[)ine  envi-   ̂ clad<'  ncst<'d  within  a  paraphyh^ic  Veronica.  'Hiis
ronment,  then  subs<'(iuenlly  radiati'<l   Into  lowland  pmu'rn  <»r  relationships  is  congruent  with  tluMiolion
(^nvironments  during  episodes  of  Phi^toctMic  gla-  i],.,,  |1„.  //,./,,,  complex  is  an  Australasian  radiation
cialion.  E\tiucti(»u  j>robabl\   had  a  more  profound of  r croiucn.
edect  on  the  basal  liruNig<»s  of  Pamlwhe  and  Cliio- Our  assessment  of  the  tim*'  framt*  for  tlu*  (uigin
nohi'bc.  and  this  process  further  confounds  <»ur  ef-       .„^j  radiation  of  the  Australasian  genera,  and  the
forts  \i)  resolve  relationships. New  /(nilarid  hebes  in  particular,   relies  on   infer-

Thc  relationships  among  species  of  Hrhr  remain       ^.„,.^,  ̂ f,.^„,  ̂ ^i^^.  f^.^^j]  ,.^.^.^,,^|  ̂ ,|,^.  g(v)logical  and  eli-
uncertaln  after  ITS  anal>scs  (Figs.  3,  4).   Branch       matic  history  of  New  Zealand,  ami  the  distributions
hMiglhs  are  too  short  for  us  to  confidendy  derive  an
infragcneric  classilicalion  from  this  study.  It  may
be  that  speciati<»ri  and  diversiricalion  in  \hv  llehe
clade  is  too  rtu'cnt  lor  I  PS  divergence  to  rt^vcal  its
phylogcnctic  [)attern.  IJcticidate  evolution  might
also    have    clouded    the    inol<M'ular    signal    either

and  ecological  tolerances  of  extant  species.  For
Hchi\  th<*  earliest  appearance  in  ihc  fossil  record  is
in  the  lliocent  ̂ (MildenhalL  1980),  for  Scrophular-
iacea(  ̂ it  is  in  the  mid  lVlioc(Mie  (Tiffney,  1985),  and
for  the  whole  of  the  Tamiah^s  (sensu  APG.  1998)  it
is  in  ihc  mid  f'oce^nc*  (Muller,  1981).  Although  tluTe

throu;;h  dioloiil  lubriil  speciation  or  allonolvploidy       ■       i  ,i  -i  -i-,     .i    ,      i  i       r       m        -hif          *  -^  *  *      -/          ^       IS  always  the  possil)ilitv  thai   older  lossils   will   bein   this  *^roup  where  about  320f   of  the  species  are       r         i    •.  i  i  i       ■  •   .      .      -.i    .i  •  i  .^        *   '   lound,   it   would   l)e   inconsistent   willi   tfus   reconi   to
polyploid.   ,1      ,      1-   -1   -,i   ■       ,1        A       I'       -   *   assume   tliat   divergi'iice,   eillicr   within   the   Austra-

lasian Ih'Jw  c<»mplex,  or  between  members  of  that
oKK.iN,  pi\  i:usiiu:,\  rioM,  anp  disckksai. group  and  Veronica,  occurred  in  Condwanan  (dre-

Two   widely    differing   opini4)ns    have   be*'n    pre-       taceous)  or  (\irlier  limes.
seated  regarding  the  age  and  origins  of  the  New We  acknowh'd liow K'dge  that  the  (iiverg<*nce  estimates
Zealand  hebes.  Some  authors  (e.g.,  Skipworlh,  |>resenled  in  Figure  2  are  crude  and  await  further
1973;  Heads.  199  la)  ha\e  proposed  a  Cronihvanan  rehnement.  The  j>aucity  of  the  fossil  record  and  the
origin  to  account  for  the  present  distributitni  (jftlu  ̂      occurrence  of  undelecled  multiple  substitutions  on

1'  igure  7.  Details  ol  llu'  natural  cIc\ational  range  ol  species  uf  Nfu  Zealand  lielx-s,  o\erlai(l  un  the  stritt  cuuhciisus
of  li('(^s  produced  l)y  analysis  of  IIS  sequences.  Species  are  regarded  as  alpine  11  lliey  occur  jinHlominantly  in  areas
above  the  natural  Iree  line.  The  oiIhm"  two  elevatiorial  zones  are  l<^ss  |»reciselN  defined  with,  on  tlie  two  main  islands  of
New  Zciiland.  lowlaiul  coire.spondin*  ̂ lo  lliose  areas  helow  ca.  500  \\\  ahoxe  sea  level,  and  montane  beiriji;  lliose  helween
ca.  .")()()  in  and  up  to  ca.  tOOO  \\\  (hut  helow  natural  tree  line).  Menibeis  of  the  basal  gradi"  of  New  Zealand  hebes  all
occur  in  aljiiiu*  or  montane  (Mivironmi-nts.
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loiij;  hraru-Iirs  arc  Iwo  poliuilially  significaiil  sourc-       the  (lislril)ulions  of  these  speeies  iwc  relatively  re-
es  of  (MTor,  Ijolh  of  uliieh  could  lead  lo  iiuu'eiirale       eeiil  plienomeMa,  and  given  dial  lliesc  species  ari<l

all  of  iheir  elos<'sl  relati\(*s  occur  williin  New  Zea-ehliinaU^s  ol  di\('rg(Mice  liiues.  'Hiouuli  crude,  die
<'slirnates  nooedieless  provide  iiilri^uing  coinparl-  land,  thai  these  disjunctions  are  products  of  Iniig-
s(»ns  widi  pallerns  of  ecological  di\ersi(icali()n  and  distance  <Iisp<Msal  of  proj>aguh's  from  N(nv  Z<\dand.
asptM'ts  of  (he  <;eoIogi(*al  history  of  New  Zealand.  Codley  (19(>7)  suggested  oceanic  hirds  as  Iik<dy

The  geological  and  clit)iatic  hislor)  of  Neu  Zea-  vectors  for  the  dispersal  of  seeds  (»f//.  clllplicn  (Fig.
lat»d  suggi'sts  that  <liffcrenlialiori  of  the  New  Zea-  5\)  and  //.  saUnfoJia  from  New  Zealand  to  South
land   \\vhvA  is  likely  to  have  (Kcurred   in  the  late  America.  Trans-Tasniau  dispt-rsal  of  die  two  alpine

Chiojuihehe  sp<'ci(*s  from  N<'w  Zealand  lo  Australia
land  hehes,  in  parlicuhn  the  I/^ouohchc  clad(%  and  is  h*ss  intuiti\('ly  explained  owing  to  the  sexual  dl-
the  Chionohchc   A  and    I?   cladcs   (Fig.  ;i),  are  all  morphism  of  one  species  (Delph.  lOJ)!!.  1  WO),  and
alpine  or  monlaru-  ])lants,  m<>sl  (tccurring  in  areas  tluMr  splash   enp   method   of  seed   dispersal   (Car-
ahov(*  tlu  ̂ natural  tree  line  (Fig.  7).  If  the  [nesent  iKu-k-Jones,  lW3a).  The  implied  dirtHiiori  of  dis-
pr(»logical  ((^iinircmcnts  of  lliest  ̂ grouj)s  are  indie-  p<'rsal    from    Nt^vv    Zcvdand    to    Auslralia    is    also

lerliary.  Memhers  of  the  hasal  grade  of  New  Zea-

ative  of  those  of  their  past  (i.e.,  assuming  that  each  against  the  prevailing  westerly  winds  but.  as  noted
lin<\ige  has  not  indcpendenlly  and  leeenlly  adapted  hv    \^ardle   (1^78).   weather  condilions   sometinu^s
lo  al[)ine  hahilats.  or  that  each  has  not  seen  selee-  occur  in  which  the  usual  direction  of  winds  across
live  extinction  of  lowland  memhers),  it  can  be  in-  the  Tasmaii  Sea  is  reversed.  The  occurrence  of  tuo
fernul    that    early    diffcrenlialion    <»f   New   Zealand  independ<'nt    dispersals   of  Chionohchc   from    New
ht^hos  occurred  in  alpiru  ̂ cm  ironnuMits,  with  colo-  Zealand   lo  Auslralia  may  seem   unlikelv,  but   the
nizalion  of  the  lowlands  being  a  secondary  event.  allcrnalive  e\[)lanations  are  either  an  exItMidcd  pe-
The  (  ̂ idence  is  that  al[)ine  enviromiieiits  have  only  riod  of  stasis  in  both  morphology  and  ITS  scquenc-
existed  in  New  Zealand  since  tiu  ̂ Flioct^ne  or  latest  es  (assuming  dislribulions  produced  b>   fragmenta-
Mioct^ru'.    subsei|uent    to    the    <»ns(M    of    m(»untain  tion    of   C(nidwana),    or   widespr(\id    exilnclion    in
building,  in  what  was  pn^vioiisly  relatively  low-ly-  Australia  (assuming  dispersal   in  the  op|)osilc  di-
ing  laud  (Flemming.  1979;  ()lli<'i;  1986).

Prercciuisite  in  anv  hvnolhesis  of  a  late   lerliarv1   V   V       1   ^
lection).

A])arl  from  tin*  disp<^rsal  prertHjuisite  to  ex|)lain
origin  (or  tlu  ̂ New  Zealand  hebes  is  coh>nizalion  of  transoceanic  specit^s  distribulions,  anolluu"  six  <Iis-
New   Zealand  b\   long-distance  di>p(^rsal  of  ances-  pi-rsal  t^\('nls  from  tluMnain  islands  of  New  Zealand
Iral  lorm(s).  Assuming  a  minimum  ninnbcr  of  ills-  are  re(|ulred  lo  explain  the  curnMit  dislribiillon  of
|)ei'sals  or  extinctions,  the  lopology  of  cladograms  llchc  (Fig.  6).  Most  <tf  the  postiilal<Ml  dispersals  are
derived   fnun    ITS  se(iueric(>s  (Figs.  3,  4)  suggests  to  N(nv  Zealand  s  outlying  islands,  including  one  lo
that  dilfercntiation  of  New  Zealand  hebes  followed
a  single  coloni/ation  from  cIduM*  Auslralia  or  Eur-  lands  (where  fh^hc  hreviracemoso  is  endemic),  and
asia.  This  differentiation  was  snt^ceeded  by  second-  three  lo  islands  of  tiie  New  Zealand  subanlan-lic

the   IMeistocene-age   (Sykc^s,    1977)    K(*rmadtH*   Ts-

ary  ilispersal  from  New  Zealand. (wlu'rc  //.  ellipticii  and  //.  odoni  havr  ̂ p(»pulalions
As   illustralcd   here  and  cIscwIkmc  (Wagslaff  iS.  disjuiicl    from    ihose   on   the   main    islands   of  New

Carnock-Jones,    1998,  2000)   the   morphology  ami  Zealand,  and  //.   hcnthamii  is  endemic).  One  dis-
ITS  sc(|ucnces  (Fig.  3)  of  extant  species  with  trans-  persal  lo  llu  ̂ (Ihalhaiii  Islands  has  b<'en  postnlatf^l
oceani<-  distributions  provide  tnide^nce  of  iIk*  ca-  on  morphological  grounds  (Moore  in  Allan,    1961;
pacily  of  New  Zealand  hebes  for  long-distance  dis-  GanKu-k-Joncs,  1976a;  \Vagslan\K  Carn(»ck -Jones,
persah  Such  transoceanic  distrlbuti(»ns  are  seen  in  199}{).  This  is  partially  supporl(Ml  Ikm-c  by  analysis
four  species,  all  of  which  mv  iiicliid<'<l  in  our  ITS  of  ITS  se(iucnces  (Fig.  4),  which  placets  two  of  the
study  gr<iu|i.  and  all  of  which  arc  nested  within  the ih
wtdl-supported    clade   of  New    Zealand    hebes.    Of  chll,  as  sister  ta\a,  and  the  third,  //.  harhcri,  in  the
these  s[)ecl(^s,  fichc  clliptira  and  //.  salicifolid  iiat-  ])olytomy  ihat  includes  the  branch  iinlling  ihc  othtM*
urally  occur  both  in  Si)ulli   America  and  scuilhern  two.  A  (inal  disi)ersal.  ])robabl}   from  \hr  Chalham
Nt:w  Zealand,  whereas  (Chionohchc  ciliohita  and  C  Islands  ((iarnock-Jones,  1976a,  I99;ia),  is  also  pos-
dcnsiJoHa  occur  lM)lh   in  the  South   Island  of  New  tulatcd  to  acccuml  for  the  distribullon  of //.  /v///c//.v/.v
Zi^dand  and  southeaslcrn  Auslralia.  Within  each  of  {uu{  included  in  (uir  analysis),  which  is  endemic  on
lh(»s(»  four  species,  populations  s(>parated  by  ocean  Ra|)a  Island  in  French  Foljncsia.
ga|>s  sh(»w   no  a|)parent  morphological  differentia-  The  \)vrsv\\vc  on\trohchc  in  New  (riiiiKni  is  dif-
lioii  an<l  oidy  limih'd  se<piencc  dIvergtMice  (Fig.  4).  ficiill  to  explain.  Here,  as  in  the  analysis  of  Wagslaff
This  suggests  thai  the  transoceanic-  disjunctions  in  and  (wunock-Jones  (2000),  ITS  secjut^iee  data  for
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iaceae).  UnpiiI>Ii^li*'(l  Pli.D.  Thesis,  Univeisil)  of  (^aii-
lerbury,  ClirisUliuRli.

.    1990.    riic   L'vukilion   uf  gender  flimorphisni   in
New  Zealand  llehr  (Sempliulariaceae).  Kvnl.  Trends  1^1.
4:  85-97.

P'urtluM-  sequence  data  for  New  Guineaii  Panihehe
(of  wliifli   12  species  are  described)  and  Detznerut

only  one  ?se\v  Guincaii  species  of  Parahcbc  were
in<diidcd.  That  species,  P.  randcnrdteri,  is  nested
within  the  New  Zealand  hebes  (Fig.  3)  witli  99%
jackknife  su|)|)ort.  The  most  parsirn<»nIous  interpre-

tation of  the  present  data  (assuming  a  minimum  Doyle,  J.  J.  &  J.  I-  Doyle.  1987.  A  rapid  ONA  isolation
1  f    I-  1  .•      r        \    :      I    .V,.  ,i;  .  procedure  for  small  (Uianlilies  of  fresh  leaf  tissue.  Pliv-num  ber   of    (lisi)ersals    or   extnictions)    is    h)ng-(lis-   ^   •   i^^     ,,     ,r/„  .  ̂        r.      1        I         M         n-  toehern.  Hull.  Bol.  hoe.  Ames  19:   11-13.

tancc  drsiH^rsal  from  New  Zealand  to  New  (,uniea,       p^^.^  ̂ j    ^  ̂ ^  ̂  ̂   ,^,1^^.^,^  ̂  ̂   Kallersjo,  D.  Lips.omb  .K
as  proposed  by  Wagstaff  and  Garnock-Joncs  (2(K)()).  a.  G.  Khi<^e.  199().  I^irsirtiony  jaekknihng  outperforms

neighlK)r-joining.  Cladislies  11:  99-124.
Flemniing,  C.  A.    1979.  The  Geological  Histor\   of  Nrw

,   ,   ,   1         •    \        ■     I   .   I   1   Zealand  and  lis   Life.   Auckland  Univ.   Press.   Au<kland.(monotvnic  aiu    endemic)  nngnt  f)rovi(le  a  clearer      ^  ,    ,  ^i    i     m-i-       //  /  ■    /r    n         \\   -^   y         &        t   Garnnek-Jones,     P.    J.     19*(>a,     nt'i>e    rapcnsis    (r.     lirouu)
picture  of  ndalionships  between  taxa  from  the  two  Garn-Jones  eomh.  tiov.  and  its  relationships.  New  Zea-

land J.  Hot.  14:  79-83.
.  19761).  Breeding  systems  and  poUination  in  New

Zealand  Parahehv  (Serophulariaeeae).  New  Zealand  J.
Hot-  14:  291-298.

.  199.'ki.  Pli>logcny  of  the  llcbe  com|)|px  (Serophu-
lariaeeae: \tMonieeae).  Austral.  S)st.  Hot.  6:  157—1*9.

.  199.M).  ffrliohrhr  (Serophuhiriaeeae-Veronieeae),
a  new  genus  segregated  from  Hebe.  New  Zealand  J.  Hoi.
31:  323-339,

Godley,  K.  J.  1967.  Widely  distributed  speei<^s,  land
bridiies  and  (oulinenlal  drift.  Nature  211:  74-75.

areas.
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0)

CO  5\
v:

COI-

»o

CO

CO
CO
O

I:t3 t2

3o :?
lOOn
CO

C3 O       -H

3o

ex:

cd

a

o
3c
3

3;
CQ CTJ

E

a

§"

=<3
o
£

■S
'I
«
^

o
Eo

^

CO

COo

CO
CO

lO00CO
co

Uh U-

c
en   CO

oc
O 8^ ̂   K

■3
I

CO

1-    -
H
W

On

^
cd
cC5

c
a;

uO
O

:§

VI

co
2
CO

lO

3CO

"cO

oen

5

<

LO
c^

a;
CO

Co
CO   c^

eg
lO
XCJ

Q On

 ̂   lO
c5o   CO
CO    COOK
<     <

aCOcu

CNJ

a:;

ijO

3

1^

CÔ
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ĉ
c5

3C
Q CO

a>    E'

CO    CO

e
Ĉ
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