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Carl Linnaeus (1707–1778), the
father of modern taxonomy, would 
never have conceived of DNA, let 
alone the impact it would have on the 
classifi cation system that was named
in his honour.

The Linnaean classifi cation system,
also called the binomial system of 
nomenclature, is still in use today.
It is a method of classifying living
organisms by combining a genus
name with a unique species name to 
identify an organism. For example, the
scientifi c (binomial) name for humans 
is Homo sapiens.

Traditionally, taxonomy was an
exercise in classifi cation that used
mainly morphological features (size, 
shape, colour, and many other 
visible characters) to not only group 
organisms into genera and species,
but also into families, orders, phyla, as 
well as other intermediate ranks used
mainly by taxonomists themselves, 
such as sections and subgenera,
subfamilies, suborders, etc.

Sometimes these morphological
features were supplemented by other 
information such as chromosome

number, but none of the data 
traditionally collected by taxonomists
to help with classifi cation gave 
much certainty over evolutionary 
relationships. DNA sequencing has 
changed all this.

The development of the DNA 
sequencing technique in the 1980s3

has made it possible to obtain what 
are termed phylogenetic trees,
showing the evolution of organisms
going back hundreds of millions of 
years. Increasing sophistication in 
DNA sequencing technology and 
the falling costs of sequencing now
make it practical for any taxonomist
to produce sequences for a group 
of organisms, and then to fi t these
into a larger data set obtainable from 
GenBank, the international repository 
for DNA sequences. A phylogenetic
tree constructed from DNA
sequences will show, with varying 
degrees of certainty and resolution,
the evolutionary relationships of the
species sampled.

The impact of this on the taxonomy 
of organisms in the last 20 years 
has been considerable. Traditional 
classifi cations are now being

examined for their agreement with
phylogeny (the evolutionary history 
of an organism). While in many
cases the traditional schemes are 
in good agreement with DNA-based
phylogenies, in other cases they are 
not.

The problem of paraphyly
One of the challenges for taxonomy
now is to translate a phylogeny 
into a classifi cation. Particularly 
vexing is the issue of paraphyly. The yy
practice of representing evolutionary
relationships between species as
a tree diagram is relatively new, 
and has highlighted a problem 
in traditional classifi cations. A 
monophyletic group (Fig.1A) is ap
‘natural’ group or lineage that contains 
all descendants of a single common 
ancestor. A paraphyletic group
(Fig.1B) is one that contains only
some of the descendants, and so a 
paraphyletic genus contains some
but not all species with a particular 
ancestor4. When this situation 
arises the excluded species are 
usually transferred to another genus.
DNA sequencing shows that such
paraphyletic groups are extremely 
common. At the moment there is a
lack of consensus among taxonomists
whether classifi cations should exclude
paraphyletic groups.

Hebe and Veronica
The most notable example of 
DNA sequencing results revealing
paraphyly in the classifi cation that
is relevant to New Zealand involves
the world-wide plant genus Veronica. 
DNA sequencing carried out in 
Europe, Australia and New Zealand
show that at present Veronica is aa
paraphyletic genus. The species that 

Fig. 1  Monophyly, paraphyly, and polyphyly in phylogenetic trees: A, monophyletic groups
include all the descendants of a particular species. It’s complete, and doesn’t contain anyl
species that are not descendants of that root ancestor species. A classifi cation system
made up only of monophyletic genera is considered to be a desirable aim in taxonomy; B, a
paraphyletic group is one that is incomplete, i.e., it contains only some of the species that are 
descendants of the root ancestor species; C, a polyphyletic group contains some or all of the 
descendants, but not the common ancestor.
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are not included in Veronica are thea
90 or so species in the New Zealand 
genus Hebe.

Many New Zealanders regret the
idea that a name in common use
like Hebe might be dispensed with, e
but phylogenetic taxonomists like
Professor Phil Garnock-Jones at 
Victoria University believe that
classifi cations need to be aligned with 
what we now know about evolutionary 
relationships. Recently, Garnock-
Jones and his colleagues published a 
full set of formal combinations under
Veronica for the hebes (Garnock-a
Jones et al., 2007). These formal 
combinations (species, subspecies, 
varieties, etc.) mean that the names
under Veronica are now available for a
use5.

Many taxonomists, in New Zealand
as well as overseas, have argued 
strongly against making the many
changes that would result from this
realignment process, claiming it would 
seriously destabilise classifi cation
schemes now in place. They argue 
that stability in names is a valuable 
attribute of a classifi cation that
makes it useful, particularly to non-
taxonomists. Such taxonomists are 
prepared to accept paraphyly in 
classifi cations.

In the example above, evolutionary
taxonomists argue that it doesn’t
make sense to nest Hebe within e
Veronica and give them both the rank a
of genus. Two solutions are possible:
to combine all species into a single 
large monophyletic genus, Veronica,
or to divide Veronica into numerous a
monophyletic genera. Either way,
changes to the classifi cation are 
necessitated by alignment of a 
classifi cation with phylogeny.

Mike Bayly and Allison Kellow, in 
their recent book An illustrated guide 
to New Zealand Hebes (Bayly and s
Kellow, 2006), discussed in detail the
pros and cons of adopting Veronica
as the genus for New Zealand hebes.
They argued that it might be best to
split Veronica into a number of smallera
genera, retaining Hebe as one ofe
them. They suggested that what are
currently subgenera within Veronica
(Fig. 2) could be regarded as genera 
alongside Hebe.

Genus and family level changes to 
the New Zealand native fl ora
The Angiosperm Phylogeny Group
(APG) is a group of fl owering plant
taxonomists who aim to incorporate 
phylogenetic hypotheses derived from 
DNA sequencing into an updated and
practical classifi cation system that
follows the rules of the International
Code of Botanical Nomenclature6. 
In 2003 they produced an overall 
classifi cation of the fl owering plants.

We have already outlined the genus
level issues with Hebe and e Veronica.
Following the APG classifi cation (and 
the underlying studies that support it), 
Hebe, Veronica, and related genera
(see list that follows) are now placed
in the Plantaginaceae family, rather
than Scrophulariaceae. Many other
plant groups have been similarly 
changed.

Cordyline is a well known genus,e
particularly because of the iconic
and widely grown New Zealand 
cabbage tree, C. australis. Perhaps 
less well known is the long-standing 
uncertainty of which family to 
place this distinctive genus in. 
There are a multitude of earlier 
placements including the Agavaceae,

Asparagaceae, 
Asphodelaceae, 
Asteliaceae, 
Dracaenaceae, 
Liliaceae, and
Lomandraceae. 
DNA evidence has 
concluded that
the correct family
for Cordyline is e
Laxmanniaceae. 
Arthropodium, the
rengarenga lily, has
also been included in 
this family.

While the
Orchidaceae family 
remains a natural 
(monophyletic) group, 
there have been
extensive changes
to the Australasian
orchids, particularly
at the genus level
as a result of both 
morphological and

DNA-sequencing work. For New 
Zealand, these new names are
incorporated in the recently published 
book Wild orchids of the lower North 
Island (de Lange et al., 2007)d 7.
However, the DNAsequencing work 
has not been fully published and many
of the new names are not accepted by 
all taxonomists working in the family.

There have also been major changes
in the Australasian epacrids. DNA
phylogenies reject the southern
heath family Epacridaceae
because it was nested within the 
Ericaceae. As a consequence, the 
New Zealand genera Archeria,
Dracophyllum, Epacris, Leucopogon,
and Pentachondra are now placeda
in a larger Ericaceae. In addition,
molecular and morphological work 
done in Australia on the epacrids
has led to major rearrangements in 
the genera. New Zealand species 
that were placed in Cyathodes
and Leucopogon have now n
been reassigned to new genera 
Androstoma, Leptecophylla anda
Acrothamnus. This work is incomplete, 
as Cyathodes pumila, Leucopogon 
fraseri andi L. nanum have no place in m
the new generic scheme.

5 Ironically, the fi rst New Zealand hebes to be described were under the name Veronica, and it took many years for the horticultural trade to 
accept the formal change to Hebe!
6 See http://www.mobot.org/MOBOT/research/APweb/welcome.html.
7 Reviewed in this issue (pp. 31–32).

Fig. 2  Phylogenetic tree showing the relationship of the Hebe
complex to Veronica. Reproduced with permission from Bayly 
and Kellow (2006, fi g. 6).
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Other changes affecting g NeNew w
Zealannd d naatitiveve g ggenene erereraa a arara e:e:e:

AcAAcananththaceae for Avicennia (rather a
than Avicenniaceae);

Amaranthaceae for Atriplex,xx
Chenopodium, Einadia, Sarcocorniniiiiaaaaaaaaaaaaaaaa,,,  
and Suaeda (rather thana
Chenopodiaceae);

Araceae for Lemnmnmnmnmnmnmmnmnmnmnmnmnmnmmnnnaaaaaaaaaaa a a aaaandndndndndndndd aaaaaaaaa WoWWoWolflffffflfffffifififi fi fifi fifiaaa
(rather than Lemmmmmmmmmmmmmmnannnnannannnnnnacececceaeaeaeae);););)))

Argophyllaceeeeeeeeeeeeeeeeeaeaeaeaeaeaaeaeaee f ffororo CoCoCoCoCoCoororororororooorooooookikikikikikikikikkkkkkikikkk aaa ( ((((rararararraathththththhhththththhhhhhherererererrerereeeeeer  aa
than Escallonininiiiiniiiiniacacacacacacacacacacacacacaccaccccceaeaaeaeaeaeaeaeaeaeaeaeaeaaeaeeaaeaaeee ee e e e e eee e orororororororororororooroooror C C C CCC C CCCC CCCCCC CCorororoorroooooooorooo okokokokokokokokokkiaiaaaaaaaiaaiaaaiaaceceeceecececececececeececececececeeceeeeecc aaaaaaaaaaeaeaeaaaaaaaaeaaaaaaa ););););

Atheror sps ermataaaaaaaaaaaaacececcececececeeeceececeececceaaaeaeaeaeaeaeaeaaeaeaeaaeaeeaeee ff f f f ffffffoooorooooooroorr  LaLaLaaLaLaLaLaLaLaururururururuuuuuuuuuu eeleleleleleleliiiaiaiaia
(r(ratatheher r ththan Mononoonnnnnnonnnnnniiiiiimimimimimimmi iaiaiaaaaacececececeeeeceeeeaeaeaaeaeaeaeaaaaaaaea ));););;

Calceolariacccccccceaeaeaeaeaeaeaeaeaeaeaeeaeaee eeee f ffforororo JoJoJooJoJ vevevevelllllllll ananannanaaaaaaa ( ( ( ((((rarararaarararathththththththhhhhhhththererereereee  aaa
thann Scrophuhuhuuuuuuuuulaalaaalaa iiriiriririririr acacaccccccccaccacaacceaeaeaeaeaeaeaeaeaeaeaeaeaeaeaaaae)e)e)e)e)e)eeeeeeeeeee);;;;;

Celastraceeaeaeaeaeaeeeeeaeee ff f ff f ororororororororororrrroroo  StStStStStStStStStSStStttSStSttStacacacacacacacacacacacacaccaaaccaca khkhkhhkhkhkhhkhkhkhkhhkkhkhououououououo sisisisisisisiisiiaaaaaaaaaaaaaaaaaaa ( ( ( ((( ( (((((((( ((((rrrarararrrraar ththhththththherererere   aaaaaaaa
ththanan S Statackckhohousssiaiaiaaiaiaiaaiaiaiaiaiaacecececececcecececececececcccc aeaeaeaeaeeaeeaaee);));););;););););));)));

Hemerocallidacaccacacacacacacacaccccacceaeaeaeaaaae eeeee f f fforororrr DiDiDiDiDiDiDiDiaananananaaaaaaaa elellllellalalalalalaaa
(rather than Phooooormrmrmrmmmmmmmmmmiaiaiiaiaiaiaiaiaaiaiaaaiaaaiacececccecc aeaeaeaeeeeeeeeeeee),),),)))))))))),),))    
Herpolirion (rather tt ahahahahaaaaaaaaannnnnnnnnn nnnn
Anthericaceae), Phormimimimimimimimimiiiiiumumumumumumumuuummumumummumuumu ((((((((((( ( ((((((rararararararararararaaarararaaaara hthththhhthhhthththhththththththtthhht eeeerererererereereererreererere  mmmmmmmm
than Agavaceae, Phormiaceae,,,  
etc.), and Xeronema (rather than a
Phormiaceae);

Hypericaceae for HyHyHyHHHypepepepp ricuuummm (((((((rarararathtthhererere  m
ththththththththhthhthanananananananananannan CCCCCCCCC CCCllululululululuu isisisisisisisiacacacaaacacacacacacceeaeaeaeaeaeaeaea )e))e)e)e)e)e)e));;;;;;;

IxIxIxererbabbaceceaeaaa  fffororor IxIxIxIxxxerereee bababb  (rarararaththhererer t t thahahaan na
GrG osossusulalariacaceaeae e ororo  BBrerexixiacaceaeae)e);;

LaLamimiacaceaeaee f foror TeTeTeTeucucu rirididiumuumumu  aandndnd m ViViV teteexxx
(r(ratatheheer r ththanann V VVVVererbebenananacceceaeaeae);))))

MaMaMaMaM lvlvvacacaceaeaaeaaeeee ffororo  EnEnEnnEnteteeeteleleleeaa ((( (rrararaththhhtherererer tt t hahahhahan n aa
TiTiTilililiacacaa eaeaeae)e)e);;;

PhPhPP ryrymamacececeaeaeae fforoor GlGlGlososossososostststigigigmamamaa, , 
MaMaMazzuzussss, , anand d MiMiMiMM mumumulululullusssss ((((raraaraathththhherereree  tttthahahan nns
ScScScScScrororophphhhhululuuu ararararariiaiaiiacececeeeaeaaea );););))

PhPhPPPhylyllyllaalantntnthahaahaccceceaeaea f ffororor OrOrOreoeopopooop rarantntnthehehhherara
ananandd d dd PoPoPoPoPorarraranttntntn heheheheherararaa (( (((rarararaaththhtheerereeree  t t hahaan nnn aaaa
EuEuEuphphphororo bibib acacaceaeaeae)e)e);;;

PlPlPlananantatatagigigig nanaaceceeceaeaeae ffororor CaCaCaCallllllllititititriririchchcheee ( ( (rararathththhhererer eee
tthththananan C CCalalala lililitrtrrriccicchahahah cececeaeaee););); ChChChChC ioiooionononoohehehehebebebebe, , 
GrGrGratata ioioi lalaa,, HeHeHeHelilililiohohohohebebebe eee,, LeLeLeL onononohohhhebebebbeee, , 
LiLiLimomomomosesesellllllaaa, OuOuOuuriririr sisisis aaa,, , PaPaPararararahehehebebebe,, , 
VeVeVeVeeVVV rororoninin cacaca [ [[ ininnclclc udududinininng g g g heheheeebebebes]s]s]s] (( (rararaaththhthererer aaa
ththhthanananann S S Scrcrcroppopopophuhuhuhuhulalaaririirr acacacceaeaeaae)e)e)e)); ;; anananandd d dd
PlPlPPlPlanananaantatataagogogog ;;;

PoPoPoPoP rtrtrtrtr ululululacacaca acacaca eaeaeeaeeee ff f oroororor HeHeHeHeHectctctctctorororooro elelellalala (((( rarararr thththththereereer aa
thththhananan H HH Heceececectotototot rerereellllllllllacacaca eaeaeaeaeaaae)e)e)))e ;;;

QuQuuQuQ ininninntititinininin acacaceaeaeaeaeae eeee f f fforororor QuQuQuQuQ ininnntititititinniniiniaaaa ( ( ( (rarararaththt ererer aaa
ththhththanaanann EE E Esscsccalaaaaa looolooninininin acacacacaceaeaeaeaeae e e ee [p[p[p[p[pososossossisisis blblblbly]yy]y]);););

RoRoRoRR usususssssseseseseeacacacaaceaeaeaeaaaeeeee ffforororoo CaCaCaCaCarprprprppodoodododddodetetetete ususs ( (((rarararathththththerereee   ss
thththtthththanananann EEEEEscsccalalalallolololoninininiaacacaca eaeaeaeaae)e)e)e);;;

SaSaSaaSaaantntntntntntn alalalala acacacaceeaeaeaeeee ff f foororororor KoKoKoKoK trtrtrtrttthahhahahalslsslsselelellellalalalalaa ( ( (( (rarararatththt eerererer  aa
thththththananaanan V VV VVissisissisccacacaccacaceccecec aaeaeae););););

ScScSccccS rororophphphhululullararara iaiaiacececeaeaeaee f f ffororor MyMyMyopopoppororooorumumum
(i((i(insnsstetettet adadd o oof f MyyMyopoppporororacacaceaeaeae)e)e);;

ThThTheoeoeoee pphphhhrararaaststststs acacaccceaeaeaeae eeeeee ffffororr SaSaSaSaS momom lulusss
(r(r(r((rataatheheherr r thhthththananann P P ririimumumum lalaacececeeaeaeaeaea ).).)

Of course these changes and many
others will affect the placements 
of the non-native cultivated and
naturalised fl ora as well, not only 
in New Zealand but throughout the
world.

It is likely that most of these changes 
will gain acceptance. Above all, these
changes are aimed at producing 
a more natural (phylogenetic) 
classifi cation that refl ects true
relationships between plant groups.
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InInInntetetet rnrnnatatata ioioioonanananal l CoCoCoCodededdes s s ofofofof
NoNoNoNoN mememememencncncn lalalaaatutututt rererere
ZoZoZoZooloolologogogo iciciccccalalalal, , , BoBooBoBotatatatatanininininicacaccac l,l,,l,l, a a aa andndndnd B BBBBBacaacacteteteteeririr alalala   
cococococcc dededed s s s s (W(W(WWWikikikipipipedeedediaiaaa,  , 20202020008880808a)a)a)a)a) h h havavveee e
dedededd vevevev lolooooololopepepeped d dd sissisincncnce ee e thththe e ee e tititit mememem  o ooff f LiLiLiL nnnnnaeaeaeeususus, 
ananandd d d ararara e e e e amamammenenenendededeeed d d bybybbyby ii iiintntntnterererrnanannanan tititiononnonalalal 
gagagagathththhtherererininingsgsgsgs o oof f ff tatatataaaaaxoxoxoxoxx nononon mimimiststssts s.s.s. T TTTThehehehe 
BoBoBoBotattaanininicacacacal l ll CoCoCoC dededededd  o oof f ffff NoNoNomemmeencnncncncn lalalalaatututurerere i iis sss 
amamamamama enenenene dedededededed d dd dd bybybybyy bb bbbotototototoo ananannicicicalallalaa  c c cononongrgrgresesese sesesees s ss 
ththththt atatat mm mmm mmeeeeeeeeeee t t t evevevevevvererereere y y y y fofofofoff urururuuu  yy yyeaeaeaeearsrsrsrs, , , anananndd dddd 
bebebebebeeeecacacacacacccc ususususu e e eee ththththt e e eee nunuunn mbmbmmmbmbmberererssss s ofofoffff t taxaxxxa oononononomomomomomomomiisisisi tstststsstss  
aaatatatatattetetetetendndndndndn ininininingg g g g thththththththeeseseese ee e e cococooongngngnggreerreressssssssseseses a arereererr  l l ararararargegegegee 
anananddd d dd vovovovootititt ngngng r rrigiigigggghththhthh s ss arararare eeee heheheh ldlddd b b bbbbbby y alalall,l,l, ii iit t t t t isisisis 
vivirtrtrtuauaualllllly y y imimmpopopossssssibibblelee t tto o gagag ininini  m m mmmajjajajorororitity yy yy
sususuppppppororortt t fofofofforr r annany y y rarar dididicacac ll l amamamenenendmdmdmmmeneeenntststss.

ThT e PhPhylyloCoCododee
A A nunumbmbberer ooff evevololututioionanaryyy ttaxonoonommisistst
have proposed a PhyloCCode C(Cantitinono
and de Queiroz, 2007), a set of
rules in which no rank is asasssisisigngg eded 
to names above sspepepeciesess  level. AtAtAt 
present the e rararanknkn s ofof gennuusus and familly y 
araaaaaaaaaaaaa e compullsosorry, meanniningg g ththat every
sssspspspspspspspsspspsspecies must bbe asassisigneeded t to oo a a gegeg nunus 
anannnnnnnnnanand ddd dd d d d dddddddd family. Unddeer the PhylyloCoCododo e,e, o onlnly y 
spspspspss eececececececcecececeee ies rank woouldld b bee cocommpmpululsosooryryr ,
anananannnaaa d dd d ggggggeggggggggg nus and famiilyly r rana ks would 
didddiddisasasaaaaappppppppppppppppppeae r. There would still be a
hihihihih ererereere araraara chchchchchchchchchchchhchcc y in thee n namames, but there
wowwowoowowow uuulululuuu d d d dd bebbbbebebebebebebebebebbebebee m m m m mmm m m m more e fl exibililitity ovoverer w whahatt 
grgrgrgrrrgrgroououououououo pspspppsp  wwww wwwerererreeeeee eee ee e eee reecocognised.

InInInInIn t t thehehehehehehh  c ccasasasase eeee e ofofofofofofofofffofofoff VeVeVeVeVeVeVeVeVeVeVeVeVVVVeVerrororrrrr nin ca anda Hebe, the 
flflfl flfl fl flflflflexexexxxxe ibibbibbibilillililitittititi y y y yy ovovovvoo errrerrrreer  nnnnnnnn nn aminng g would meean
tththththhatatatatatat b b b bototototh h hhh VeVeVeVeeeeeVeeerororororororororororrorrororororooronnnnnnnninininnnn ca anda HeH beb  could e
cococoocontntntntnntininininnnueueueueueueeuuue tttttoo o oo bebebeebe u u uuuusesesesesesesessesesesesesees d,dddddddd  and a hierarchy 
wowowowwwowwoululululu d d dd bebebbbbbbebbebebe pp ppp rorooooviviviviv dededeeeeeedd d d d d d dd d dd d dd tthtttttt at would show 
ththththththhhththtthththththhthththhhhatatatataaaaatataataatatatatatatataa  HeHeHeeHeHeHeHeHeHeHeHHeHeHeHeHHeeeHHHHeHH bbebebbebebebebebebebebebbebbbbebebbebeeeee iiiiiiiiiiiii ssss s sss ss s neneneneneststststteeedededededeededeeeeee  withineeeeeeee Veronica.

ThThhThThThThThThhTT eeeeeee mamamamamamamammmammamaamammm ininininininiiiii  obstttat cle to the PhyloCode
beb coming popular is the loss of
the binomial naming system that 
has its origin with Linnaeus. Hebe 
susubabalplppinininaaa i is s s thhe e bibb nononoomimim alaa  for a aa
cococcccocommmmmmmmmmmmmononoonno NNNNN NN NNewewewwew ZZZZZ Z ZZZeaaaaeaealllalalalaalandndnddnddndnd ssss s spepepepeepepepe iciciccciciciciesesesesssesessesess,, , ininininninin  
whwhwhwhiccicich hhh thththe e ee fi fi firsrsrst t t nananamememe iiiisss s shshshshshharaarararedeed wwwwith hh
ala ll l ototheheherr r hehhehh bebebbes,s, b bututut t tt thehehehe s s secececonoondd dd nanamemee 
quququq alala ifiififiifiifi e e e es ss itt u uniniiiquququelele y:y:y: tt t hehehererere iiss s ononlylyy o ooneneeene 
spsppsspecececcciiei s ss wiwithttht  ttttthahaahatt t tt bibibibinonnomimimiialalala . . UnUnUnUnUndedeer rrr
thththe e e PhPhPhPPhylylyly ooCoCoCCodododde,e,e,e,e  t tthehehehehererererr  wwououuououldldldld bbb b be e e ee nonnonono 
fi fifixexeed d raraaanknknknk oo ff fff gegeg nunun s ss wiwiwithththt  ttthehhehe rrresesesululult tt 
thhthatatat t tthehehhe ff famamamiliiliaiar r r bibbinononomimimim alalala  s ssysysy tetetem m m
wowowouluuld dd bebebe d d disisisi cococontntininnnnueueed.d.d. N N No oo gogogoodod
alalala teteternrnnnatatata ivvivee e ininnvovooovolvlvlvlvlvinning gggg ththhe ee susususuubsbssstitittt tututut tititiononon oo off f
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