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A review of genetic analyses of hybridisation in New Zealand

Mary Morgan-Richards!, Rob D. Smissen?, Lara D. Shepherd?, Graham P. Wallis®*,
Jessica J. Hayward?®, Chi-hang Chan®, Geoffrey K. Chambers®, Hazel M. Chapman’

Abstract Hybridisation between related taxa has a range of possible biological con-
sequences, ranging from the production of sterile offspring, through introgression of
alleles into populations, to the formation of new species. Examples of plant and animal
species hybridising with related taxa abound in the New Zealand region. We review New
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Arnold et al. 1991; DeMarais et al. 1992; Bullini 1994; Rieseberg et al. 1995; Coyne & Orr
2004; Schwarz et al. 2005), reinforce barriers between gene pools (Howard 1993; Coyne & Orr
6HUYHGLR ~ 1RRU OLPLIl VSHFLDILRQ DQG DGDSIDILRQ 60DINLQ VZDPS

endangered species (Rhymer & Simberloff 1996) or form a bridge for transfer of adaptations
among lineages (Arnold 2004).

= LIK IKH DGYHQW Rl QHZ JHQHILF IRR0V 1HZ =HDODQG ELRORJLVIV KDYH IDNHQ WKH RSSRUIXQLIN
to investigate old hypotheses and erect new ones concerning hybridisation. Multilocus mo-
OHFX0DU PDUNHUV SHUPLY GHIHFILRQ R1 ERIK RQJRLQJ DQG KLVIRULFD) JHQH ARZ DPRQJ 0LQHDJHV DQG
detection of lineages that have arisen via hybridisation. New Zealand has a long history of
hybridisation studies in plants especially but there are now many animal examples and even
evidence of virus recombination on our shores. In addition, New Zealand has the advantage
Rl JRRG ILPH NHHSLQJ IRU FRQVIUDLQLQJ IIKH DJH RI ¢,UVil FRQIDFI IRV PDQ\ K\EULGLVLQJ WID[D 7KH
arrival of exotic species has been well documented and geological studies give us some ability
to date the fragmentation, expansion and hybridisation of our native species. New Zealand
mathematicians who are developing novel methods to study hybridisation will continue to give
XV LPSDFII LQ IKH LQIHUQDILRQDO VFLHQIL¢, F FRPPXQUIN IRV H[DPSH +XVRQ = LONZRUIK Hll
Do 9%DURQL HIf DO OF%UHHQ ~ /RFNKDUI %RUGHZLFK ~ 6HPSHH -RO\ H
al. 2007, in press a; Holland et al. 2008).

Hybridisation has been at the centre of three debates in evolutionary biology: species con-
FHSIV VSHFLHV FRQVHUYDILRQ DQG RULJLQ RI QHZ ARUD DQG IDXQD ,Q HDFK RI WKHVH WKUHH DUHDV
New Zealand studies offer new information or a different perspective.

Species concepts

7KH LGHQIL; FDILRQ DQG GH¢ QLILRQ RI VSHFLHV RIWHQ UHIHUV IR WKH DELOLIN\ R1 LQGLYLGXDOV IURP
GLIHUHQI SRSXODILRQV IR PDIH DQG SURGXFH DIf CHDVIl VRIPH THUILOH RTIVSULQJ 7KH ELRORJILFDO VSHFLHY
concept (Mayr 1942) is based on the principle that different species do not exchange genes,

Fig. 1 +\EUGLVDILRQ LV D FRPPRQ DQG LPSRUIDQIl HYROXILRQDU\ SURFHW ZRUGZLGH 7KH 0RQJ IHUP
RXIFRPH RI K\EULGLVDILRQ LV GHSHQGHQI RQ IKH UHODILYH ¢ IQHVV R1 WKH K\EULGV DQG VXEVHTXHQ JHQHUDILRQV
compared to the parental taxa, as illustrated by the following New Zealand examples.
'Hemideina ricta and H. femorata ORUJDQ 5LFKDUGY ~ 7RZQVHQG ’Galaxias depressiceps and
G. anomalus (Allibone et al. 1996); *Kunzea sinclairii and Leptospermum scoparium (Harris et al.
1992); “Asplenium xlucrosum (Perrie et al. 2005); *Hemideina thoracica (Morgan-Richards et al. 2000;
Morgan-Richards & Wallis 2003); SHemideina maori (King et al. 1996, 2003); "Galaxias depressiceps
and G. sp D (Esa et al. 2000); ®Kikihia species (Marshall et al. 2008); °Pseudopanax lessonii and P.
crassifolius (Shepherd & Perrie unpubl. data); *®Phormium tenax and P. cookianum (Smissen & Heenan
2007; Smissen et al. 2008); 'Carpophyllum angustifolium and C. maschalocarpum (Zuccarello et al.
unpubl.); *?Helichrysum lanceolatum x A. bellidioides (Smissen et al. 2007); **Nothofagus fusca, N.
truncata, N. solandri var. cliffortioides 7KRPVHQ -QDSS “Himantopus novaezelandiae
and H. leucocephalus (Greene 1999; MacAvoy & Chambers 1999; Wallis 1999); **Metrosideros spp.
(Gardner et al. 2004); *Raoulia spp. 6PLVVHQ Hil D0 JRUG XQSXEO GDID *"Hoheria glabrata and
H. lyallii (Heenan et al. 2005); **Coprosma spp. (Wichman et al. 2002); **Grahamina capito and Fos-
terygion varium (Hannan 2005); ?Brachaspis nivalis and B. collinus 7UHZLFN ZAnas chlorotis,
A. superciliosa and A. platyrhynchos (Kennedy & Spencer 2000; Barton 2003); ?Cyanoramphus forbesi
and C. novaezelandiae chathamensis (Chan et al. 2006); 2*Acanthoxyla ORUJDQ 5LFKDUGV ~ 7UHZLFN
%XFNOH\ Hil DO %Pratia angulata and P. perpusilla (Murray et al. 2004); ®Anaphalioides
hookeri (inferred parentage A. bellidioides and A. trinervis;
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VR LGHQIL¢, FDILRQ RI K\EULGY KDV EHHQ RI IXQGDPHQID) LPSRUIDQFH LQ IKH UHVROXILRQ RI VSHFLHV]
boundaries. Sometimes distinct populations that are involved in hybridisation are regarded
DV PHPEHW RI GLITHUHQW VSHFLHV DQG VRPHILPHV #KH\ DUH UHJDUGHG DV FRQVSHFL¢,FV 7KRVH ZKR
investigate hybridisation do not usually hold to a strict version of the biological species con-
cept, accepting that successful mating between members of different species is commonplace.
8VLQJ IKH IRROV R1 PROHFX0DU JHQHILFV GHIHFILQJ JHQH ARZ KDV EHFRPH VIUDLIKWIRUZDUG EXH
delimiting species boundaries can become even more problematic as we strive to distinguish
retained ancestral polymorphisms from those that have introgressed and understand the long-
IHUP FRQVHTXHQFHV RI 0LPLIHG JHQH ARZ 7KHUH LV D SHUFHSILRQ IKDIl JRRORJILVIV KDYH DFFHSIHG
OHVW JHQH ARZ IKDQ ERIDQLVIV ZKHQ GHVFULELQJ GLVILQFI VSHFLHV EXIl VHH SLHVHEHUJ Hil DO
7KHUH DUH KRZHYHU PDQ\ 1HZ =HDODQG H[DPSOHV Rl UHFRJQLVYHG DQLPD0 VSHFLHV IIKDIl KDYH
ORZ OHYHOV RI JHQH ARZ ZLWK SDUDSDIULF UHODILYHV LQFOXGLQJ SHULSDIXV 7UHZLFN 7UHZLFN
lURH ZHID ORUJDQ SLFKDUGY 7UHZLFN  ORUJDQ 5LFKDUGY EURZQ IHDO
%DUIRQ SDUDNHHIV - HDUYHO Hil DO DQG ¢ VKHV (VD HIlr Do LI $OIKRXIK
IIKH 1.HZ =HDODQG ARUD KDV EHHQ FLIHG DV KDYLQJ D KLIK IUHTXHQF\ RI LQIHUSHFL¢,F K\EULGLVDILRQ
LQ SODQIV &RFND\QH  $500DQ $QGHWRQ  BIHEELQV 5DHQ@ p YH $0 5
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(11). Each section is further subdivided, but the physical location and consequences of hy-
EULGLVDILRQ DQG EDFNFURWLQJ DUH IRR FRPSOH[ iR EH FODWL¢HG ZLIK HDVH )LJ

I HUMAN-INDUCED HYBRIDISATION

+XPDQ PRGL¢ FDILRQ R1 KH HQYLURQPHQI EHIDQ UHODILYHO\ UHFHQIO\ LQ 2HZ =HDIDQG $QGHUVRQ
SHUPLIILQJ LQIHUHQFHV IR EH PDGH RQ IIKH VXEVHTXHQN UHVSRQVHV R1 QDILYH ARUD DQG 1DXQD
In particular, hybridisation of New Zealand species that in the recent (pre-human) past were
geographically isolated has been well documented. Native species have come face to face
with exotic species (Gillespie 1985; Gibbs 1987; Hitchmough et al. 1990) and range changes
KDYH EURXJIKII IRIHIKHU SUHYLRXVON\ DOORSDIULF QDILYHV )RUH[DPSOH WKH FXIILQJ RI ZDiHU UDFHV
E\ JRIG PLQHUIV LQ 2iDJIR FRQQHFIHG IIKH JDID[LLG ¢ VK 1DXQD RI VHSDUDIH ULYHU VAVIHPY (VD Hil
Do ([DF!l GDIHV R1 ZDIHU UDFH FRQVIUXFILRQ DO0RZ ELRORJLVIV IR HVILPDIH JHQH ARZ RQ D
EDFNJURXQG RI D NQRZQ QXPEHU Rl JHQHUDILRQV VLQFH FRQIDFII
30DQN LQUHWSHFL¢, F K\EULGY KDYH HVIDEOLVKHG LQ DUHDV RI VLIQL¢, FDQI KXPDQ LQGXFHG KDELIDII
GLWWIXUEDQFH )RU H[DPSOH WKH QDILYH JURXQG FRYHULQJ SODQIl Pratia angulata
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DEXQGDQFH HJ VILOIV ODF$YR\  &KDPEHW *UHHQH DQG SDUDNHHIV  &KDQ HIl DO

DQG FURW IRVIHULQJ RI EODFN URELQV DQG RPILIV OD  /DPEHUI +XPDQV DUH DOVR
LPSOLFDIHG LQ IKH 0RZ QXPEHUV RI ZHID RQ %DQNV 3HQLQVXD ORUJIDQ SLFKDUGY  7RZQVHQG
1995) and fur seals on Macquarie Island (Lancaster et al. 2006) where hybrids have been
detected using genetic tools. In both these examples it is thought that relative abundance of
species affects the selection of mates, increasing hybridisation when one species is relatively
UDUH +XEEV /INHZLVH 1RU DOEDIURW RQ &DPSEHW ,V0DQG LQIHUEUHHGLQJ RI IZR RU IKUHH
VSHFLHV LV H[DFHUEDIHG E\ 0DFN RI FRQVSHFL¢,F PDIHV IRU IKH UDUHU EODFN EURZHG IRUP ORRUH
et al. 2001).

)RUHVI FOHDUDQFH RQ ODQJHUH ,V0DQG LQ IKH &KDIKDP ,VODQGY JURXS LV IKRXJKIIIR KDYH SUR-
PRIHG RSSRUIXQLILHV IRU K\EULGLVDILRQ EHIZHHQ )RUEHV] SDUDNHHIV Cyanoramphus forbesi)
DQG &KDIKDP ,VIDQG UHG FURZQHG SDUDNHHIV C. novaezelandiae chathamensis 7KH IRUPHU
species generally prefers forest habitats to open vegetation, while the latter generally resides
LQ RSHQ SDIFKHV RI JUDW VFUXE DQG KHUEV 7D\(RU $ VXUYH\ RI PLIRFKRQGULDO FRQIURO
UHILRQ = 1.5 VHTXHQFH KDSORINSHV GHIHFIHG JHQH ARZ EHIZHHQ IKH iZR VSHFLHV RI SDUDNHHIV
&KDIKDP ,V0DQG UHG FURZQHG SDUDNHHI PIi™ 1.$ KDSORINSHV ZHUH LGHQIL¢HG LQ = 1% VDPSOHY
REIDLQHG IURP )RUEHV] SDUDNHHI PRUSKRINSHYV  %RRQ Hil D0 9%D00DQINQH HIl DO
) XUIKHU H[DPLQDILRQ ZLIK PLFURVDIHIOLIH PDUNHUV KDV VKRZQ WKDI IKH ODQJHUH ,VODQG )RUEHVS
SDUDNHHI SRSXODILRQ KDV K\EULGLVHG H[WHQVLYHO\ ZLIK &KDIKDP ,V0DQG UHG FURZQHG SDUDNHHIV
IR DQ HWHQU IKDW #KHUH PD\ QRW HYHQ EH D VLQJOH IUXH )RUEHVT SDUDNHHI ZLIKRXII D KLVIRU\ RI
K\EULGLVDILRQ 7KH ODQJHUH ,VODQG SDUDNHHI SRSXODILRQ LV QRZ FRPSRVHG SUHGRPLQDQION RI
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picornaviruses, coronaviruses, alphaviruses and retroviruses (Lai 1992). Retroviruses, in
SDUILFX0DU DUH UHQRZQHG IRU UHODILYHON UDSLG UHFRPELQDILRQ UDIHV RQ WIKH RUGHU RI SHU

NLOREDVH SHU UHSOLFDILRQ F\FOH +X  7HPLQ SHIURYLUDO UHFRPELQDILRQ RFFXUV LQ D KRVII
cell during reverse transcription when the infecting virion has a heterozygous genome (Hu
THPLQ

7KH UHIURYLUXV ),9 D FORVH UHODILYH RI +,9 KDV EHHQ LGHQIL¢HG LQ GRPHVILF FDIV Felis
catus) in New Zealand (Swinney et al. 1989; Hayward et al. 2007). Phylogenetic tree construc-
tion of envelope (env  JHQH VHTXHQFHV KDV VKRZQ IIKDI IZR RI WKH ¢, YH SRWLEOH ),9 VXEINSHV
DUH IRXQG LQ 1HZ =HDODQG LQIHFIHG FDIV +D\ZDUG Hil DO 7KHVH WZR VXEINSHV $ DQG
C, co-occur in cat populations, leading to dual infection and consequently recombination/
K\EULGLVDILRQ $ERXII n RI 1HZ =HDODQG ), 9 LQIHFIHG FDIV DUH LQIHFIHG ZLIK DQ
A/C recombinant in the env JHQH +D\ZDUG  5RGULJR 7KHVH UHFRPELQDQV VIUDLQV DUH
circulating recombinant forms, that is, they are the viral progeny of the host cell where the
recombination event occurred.

Viral recombination can repair substitution errors made by the enzyme reverse transcriptase,
or can modify particular viral properties, such as virulence (Lai 1992). In this way, viruses are
able to adapt to new environments, such as a new host species (Poss et al. 2007). Whatever
the result of the crossover event, recombination is instrumental in the evolutionary history of
viruses. In addition, viral recombination increases the genetic diversity of circulating viruses
within a population, which has implications for vaccine use and development in New Zea-
land.

I NATURAL HYBRIDISATION

POIKRXJIK KDELIDH PRGL¢, FDILRQ EX KXPDQV RIIHQ 0HDGV IR RU HDFHUEDIHV K\EULGLVDILRQ LWLV DQ
important and common natural process too.

Ila Hybrid zones (parapatry)

Genetically (and sometimes morphologically) distinct populations can meet and mate in spatio-
IHP SRUDIO\ ERXQGHG UHJLRQV FDOOHG K\EULG JRQHV +DUULVRQ 7KH SRVLILRQ DQG ZLGIK RI D
zone is usually stable over many generations, due to equilibrium between the ability of organ-
isms to disperse and the selective disadvantage suffered by the hybrid offspring (Barton &
+HZLN ) XUIKHU VIDELOLIN LV HQVXUHG ZKHQ JRQHV OLH LQ GHQVLIN IURXJIKV  %DUIRQ RU
on ecotones (Moore 1977). Most hybrid zones involve secondary contact of populations that
KDYH GLYHUJHG LQ LVRIDILRQ )RUH[DPSIH D VSHFLHV ARFN RI JDID[LLG ¢VKHV G. vulgaris sensu
lato) show some limited parapatric overlap in the South Island, as a result of natural second-
ary contact, and some of these contacts show occasional hybridisation (Allibone et al. 1996).
Within the radiation of New Zealand cicadas many parapatric species form hybrid zones upon
contact (Marshall et al. 2008). New Zealand tree weta hybrid zones have been described on
mountain ranges (Hemideina maori, King et al. 1996, 2003) and in lowland forest (H. thoracica,
ORUJDQ 5LFKDUGY Hil DO ORUJDQ 5LFKDUGY = DOOLV 7KH XVH Rl PXO0ILSOH K\EULG
zones within the same species has allowed inferences about relative disadvantage suffered
E\ K\EULG RIIVSULQJ ZLIKLQ HDFK JRQH 7KH GLVSHUVDO DELOLI\ RI H. thoracica individuals from
different chromosome races is assumed to be identical and thus the difference in zone width is
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Because the majority of hybrid zones form following secondary contact and taxa are often
LQAXHQFHG EX IKH VDPH YLFDULDQW HYHQIV Lif LV FRPPRQ IRU PX0ILSOH ID[D YR IRUP K\EULG JRQHV
DI DSSUR[LPDIIHON\ iKH VDPH ORFDILRQ  9ROFDQLF DFILYLIN Dif iKH /DNH 7DXSR FDOGHUD KDV UHSHDIHGO\
destroyed forest in the central North Island and a number of independent genetic studies have
IRXQG WKDIl GLVILQFW SRSXIDILRQV PHHI QHDU /DNH 7DXSR H J  VKRUI §DLOHG EDIl Z0R\G FDE-
bage tree, Armstrong unpubl.; the parasitic plant Dactylanthus taylorii Holzapfel et al. 2002;
fern Asplenium hookerianum Shepherd et al. 2007). In addition, two chromosome races of the
$XFNODQG IUHH ZHID Hemideina thoracica PHHI DQG LQIHUEUHHG RQ KH VKRUH R1 /DNH 7DXSR
(Morgan-Richards et al. 2000). Concordance of frequency clines for four other genetic loci

IZR DORT\PH RQH PLFURVDIHOLIH ORFXV P = 1% FRQ¢UPVIKDIKLY LV D VHFRQGDU\ FRQIDF JRQH

EHIZHHQ WZR UDFHV RIIUHH ZHID 7KH ZLGIK DQG FHQIUHV RI #KH IVHTXHQF\ FOLQHV RI D00 ¢ YH ORFL
YDU\ YHUN OLIOH 7KH QDUURZHWI RI IKH TUHTXHQF\ FOLQHV LV IRU IKH FKURPRVRPH UHDUUDQJHPHQ!
7KLV UHDUUDQJIHPHQ! LV HLIKHU IKH GLUHFW FDXVH RI K\EULG GLVDGYDQIDJH RU LV 0LQNHG IR ORFL WKDII
cause hybrid disadvantage. Chromosome heterozygotes often suffer reduced fertility compared
to chromosome homozygotes due to mal-segregation of chromosomes during gamete produc-
ILRQ PHLRVLY  7KH QDUWRZHVII RI IKH RIKHU IRXU IVHTXHQF\ FOLQHV VHHQ LQ IIKH ZHID Dif 7DXSR LV
IRUPHG E\ IKH PIi® 1. LQ FRQIUDVII IR KH FKURPRVRPHV LIl LV XQOLNHON\ WKDIIl KH PLIRFKRQGULDO
JHQRPH LV 0LONHG IR ORFL XQGHU VHOHFILRQ +RZHYHU PV = 1% LV RQO\ PDIHUQDIO\ LQKHULIHG DQG
female tree weta may have lower dispersal rates compared to males, resulting in a narrow
Pli= 1.9 FOLQH UHODILYH IR IKH FOLQHV LQ QHXIUDO QXFOHDU ORFL VHHQ DIf 7DXSR

b
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Historical gene fow (introgression)

Nothofagus is a major component of forests throughout the South Island of New Zealand, and
several hypotheses have been proposed to explain its absence across the central portion of the
6RXIK ,VODQG UHYLHZHG E\ =DULV ~ 7UHZLFN $ UHFHQI LQYHVILIDILRQ XVLQJ FS ® 1 BIR I\
to distinguish between hypotheses found that through hybridisation, red beech (Nothofagus
fusca) and hard beech (N. truncata) have absorbed genetic material from mountain beech (N.
solandri var. cliffortioides). Asingle insertion in the trnL-trnF intergenic spacer is found within
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introgression between M. iolanthe and members of the genus with similar songs, than lineage
VRUILQJ  %XFNOH\ Hi DO

Contemporary gene fow

Despite considerable differences in morphology, Pseudopanax lessonii  FRDVIDO ¢, YH ¢QJHU
houpara) and P. crassifolius (DQFHZRRG KRURHND IRUP DQ DUUD\ RI' PRUSKRORJLFDO LQIHUPH-
GLDIHV ZKHUHYHU IKH\ RFFXU LQ FORVH SUR[LPLIN 3UHOLPLQDU\ JHQHILF DQDONVHV XVLQJ $)/3V
DQG PLFURVDIHIOLIH = 1.9 PDUNHUV LQGLFDIH WKDI P. lessonii and P. crassifolius are genetically
distinguishable as separate evolutionary lineages, and that the majority of their hybrids are
(DIHU JHQHUDILRQ K\EULGY 6KHSKHUG ~ 3HUULH XQSXE0 ), ¢UWIl JHQHUDILRQ K\EULGV DSSHDU iR
be uncommon, suggesting that P. lessonii and P. crassifolius only rarely cross directly and
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111 HYBRID SPECIES

When hybridisation results in a lineage reproductively isolated from its two parental taxa a
QHZ VSHFLHV LV DOPRVI LQVIDQIDQHRXVO\ SURGXFHG ™ XH IR WKH GLI¢, FXON LQ UHSURGXFLQJ ZLIKRXIl
EDFNFURWLQJ IR SDUHQIDO DD WKLV IRUP RI VSHFLDILRQ LV UDUH FRIP SDUHG HIR IIKH UDIH RI K\EULGLVD-
tion without speciation. However, it is possible for hybridisation to be followed by chromo-
VRPH GRXE0LQJ DQG WKH UHVXOILQJ LQGLYLGXDO WR UHSURGXFH DVHXDOO\ RU EN VH0¢,QJ  (YLGHQFH IRU
GLSORLG K\EULG VSHFLHV IRUPDILRQ LV ZHDNHU 6SHFLDILRQ YLD K\EULGLVDILRQ LV PXFK (HW FRPPRQ
LQ DQLPDOV IIKDQ LQ SODQIV EHFDXVH LVRODILQJ PHFKDQLYPY VXFK DV VH0¢QJ DUH OHVV OLNHON IR
evolve in concert with hybridisation. Chromosome doubling in animals can also have a dire
effect on sex determination, and animals may be generally more susceptible to changes in gene
dosage. Pratia discussed earlier is an example of new lineages arising from human induced
range changes (Murray et al. 2004). In this case, hybrid lineages are recognised as distinct
FKURPRVRPH UDFHV QRI QHZ VSHFLHV  EXIi DUH KH UHVXOH R1 LQWHUVSHFL¢, F FURVWHV %6UHLIZLHVHU
Hii DO XVHG HYLGHQFH IURP DGGLILYH ,76 VHTXHQFHV IR VXSSRUI IKH K\SRIKHVLY KDl Ana-
phalioides hookeri is a hybrid species with parentage A. bellidioides x A. trinervis. Since it
has a tetraploid chromosome count (2n=4x=56; Groves 1977), it is presumably an example of
allopolyploidy (hybridisation followed by chromosome doubling to produce an independent
hybrid lineage). In New Zealand buttercups, Ranunculus nivicola is an allopolyploid species
with R. verticillatus and R. insignis SDUHQIV 7KH GHJUHH RI FS = 1.5 VKDULQJ EHIZHHQ R. insignis
and R. enysii suggest that these two species have also been hybridising and R. insignis may
even be of hybrid origin itself (Carter 2006).

3RO\SORLG\ LV D FRPPRQ SKHQRPHQRQ DPRQJVI 1HZ =HDODQGHV IHUQV 350 VSHFLHV RI Asple-
nium native to New Zealand are at least tetraploid and, of the 17 species in the Austral group,
nine are octoploid. cpDNA and nuDNA (Leafy) indicate that most of these octoploids are
allopolyploids (Perrie & Brownsey 2005a; Shepherd et al. 2008a). cpDNA of the octoploids
is very similar to their parental species, suggesting recent origins with little time to develop
autapomorphies (Shepherd et al. 2008b). In some cases, octoploids share multiple chloroplast
types with each other and their progenitors, indicating repeated polyploidisation events (A.
gracillimum, A. cimmeriorum (Perrie & Brownsey 2005b)). Allopolyploidy in New Zealand
ferns has also been documented using molecular approaches in Polystichum, where P. neoze-
landicum is an allo-octoploid of the tetraploids P. wawranum and P. oculatum (Perrie et al.
2003). Chloroplast sequences indicate that the tetraploid Hypolepis ambigua may be composed
RI LQGHSHQGHQIO\ GHULYHG DWRSRONSORLG 0LQHDJHV RI XQNQRZQ SDUHQIDJH 3HWLH  %URZQVH\
unpubl.), whereas morphological comparisons suggest that the tetraploid Pteris macilenta is
almost certainly an allopolyploid derivative of P. comans and P. saxatilis (Braggins 1975).
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Alternatively, there may have been three (rather than two) sexual species involved in the
multiple hybridisation and many origins creating the current diversity.

FUTURE DIRECTIONS
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¢IQHW DQG DGDSIDILRQV DQG SURYLGHV UDZ GDID IRU DQDONVLY RI' JHQHV LQYROYHG LQ SRVIT\JRILF
LVRODILRQ LQ K\EULGV VR FDUHG 3VSHFLDILRQ JHQHV™ 22Ul Hii DO JRU H[DPSH IKH QHZ
generation of sequencing technology will allow the biochemical pathway and alleles respon-
VLEOH IRU JDPHIH SRWHQ VSHUP FRPSHILILRQ R EH LGHQIL¢HG DQG IIKXV IIKHLU UROH LQ 0LPLILQJ
K\EULGLVDILRQ ZL00 EH XQGHUVIRRG 7UDQVFULSIRPH DQDONVLV IKURXJK LVRODILRQ RI P51.%V DIVR
allows estimation of gene expression, touted by many to be at least as important as structural
changes to the genes in question (King & Wilson 1975). It could be, for example, that hybrid
EUHDNGRZQ LV DINULEXIDEOH IR FKDQJHV LQ JHQH H[SUHVVLRQ FDXVHG E\ QRYH0 LQIHUDFILRQV EHIZHHQ
IIZR WUDQVFULSILRQDO QHIZRUNV  /DQGU\ Hil D0

In cases such as Phormium and Pseudopanax ecological selection may be critically important
in maintaining species differences in the face of extensive hybridism and an apparent absence
RI UREXVH LQIULQVLF EDUULHWV IR JHQH ARZ ,Q RIKHU JURXSV VXFK DV IKH Raoulia alliance, genetic
divergence between hybridising species appears to be greater, and intrinsic barriers to gene
ARZ DUH JUHDIHU EXJ VHOHFILRQ DJIDLQVI UHFRPELQDQY JHQRINSHV LV VILOO OLNHON IR EH LP'SRUIDQY LQ
0LPLILQJ JHQH ARZ ,Q FRQIUDVI IUHH ZHID KDYH UHODILYHON KLIK OHYHOV RI JHQHILF GLYHUVLIN WKDI
GDIH IR JHRJUDSKLF LVRODILRQ GXULQJ WKH 30LRFHQH \HIi SRSXODILRQV ZLIK GLVILQFH NDU\RINSHV
failed to speciate, possibly due to simple mate recognition systems in this genus.

7KH UROH RI K\EULGLVDILRQ LQ LQYDVLRQ UDQJH H[SDQVLRQ DQG DGDSIDILRQ iR FOLPDIH FKDQJHV
LV DQRIKHU NH\ DUHD OLNHO\ WR SURYLGH VILPX0DILQJ UHVHDUFK 7KH HYROXILRQ RI LQYDVLYHQHW LV
IDFLOLIDIHG E\ K\EULGLVDILRQ DQG WKH UHODILRQVKLS EHIZHHQ DJH RI 1HZ =HDODQGHV ELRID DQG
SURSRUILRQ RI K\EULG VSHFLHV FRX0G VSDUN FRPSDUDILYH VIXGLHV RI ERIK LVODQG DQG FRQILQHQIDO
ecosystems. One might view hybrid species as evidence of recent dispersal or invasion, but
VIIXG\ RI IKH JHQHILFV R1 ZHHG\ QHVV DQG IKH K\EULG JHQRPH ZL00 EH PRUH SURGXFILYH )URP RXU
understanding of the history and processes that have shaped the distribution and abundance of
FXUUHQW ID[D ZH FDQ PDNH SUHGLFILRQV RI KRZ RXU ARUD DQG IDXQD ZL00 UHVSRQG IR IIKH FXUUHQN
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7KH LPSRUIDQIIUROH RI K\EULGLVDILRQ LQ IKH HYROXILRQ RI 2HZ =HDIDQGYV HQGHPLF SIDQIV DQG
animals has been highlighted by recent genetic studies. Recent hybrid origins of ferns,
EXMHUFXSY HYHUODVILQJ GDLVLHV DQG VILFN LQVHFIV LQGLFDIH iKH RQJRLQJ JHQHUDILRQ RI ELRGL-
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%UDJILQV - BIIXGLHV RQ IKH 1HZ =HDIDQG DQG VRPH UHIDIHG VSHFLHV RI Pteris
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